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CURRENT PROGRESS IN X-RAY PHYSICS’ 


By Professor DAVID L. WEBSTER 
STANFORD UNIVERSITY 


INTRODUCTION 


Wute the title of this address covers a great deal 
of ground, it is really intended to limit the field rather 
than to widen it. Current progress in x-rays might 
well include the great advances in the application of 
X-rays to medicine, both in diagnosis and in therapy. 
Likewise it might include x-ray engineering. In that 
field there is rapid progress in the use of x-rays for 
testing engineering materials and also in the design 
and improvement of x-ray apparatus. While current 
progress in x-ray medicine and x-ray engineering are 
of vast importance, it is obvious that they can not 
be included in this address. Likewise, x-ray chem- 
istry and mineralogy, by which I mean the use of 
X-rays in the study of the structures of molecules, 

1 Address of the retiring vice-president and chairman 


a tee Section of Physies, American Association for the 
vancement of Science, Boston, December, 1933. 


either in fluids or in erystals, would take us much too 
far afield. I must therefore consider only topics that 
are clearly x-ray physics. 

Even within this limit the field is far too large to 
be covered uniformly. So I shall illustrate the nature 
of current progress in x-ray physics by taking as an 
example a still more restricted field within it, namely, 
the physics of x-ray emission. 


History 


To bring out the significance of current progress 
in x-ray emission, let us first consider some familiar 
landmarks in its history. The most familiar of all, 
probably, is the famous series of spectra photo- 
graphed by Moseley in 1913 and shown diagram- 
matically, with extensions to lighter and heavier ele- 
ments than those used by Moseley, in Fig. 1, after 
Siegbahn. Moseley’s spectra showed such a regular- 
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ity of progression, from each element to the next, as 
to give the first definite proof of the importance of 
the atomic numbers. And the similarity of the 
spectra of the different elements was the first definite 
proof of the similarity of the structures formed by 
the inner electrons in all heavy atoms. 
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Fig. 1 


Barkla, five years before Moseley’s work, had found 
the x-rays from these same elements to be very regu- 
lar in their properties. Moreover, he had come so 
_ near to the concept of atomic numbers as even to 
toa insist that the atomic weight given by chemists for 
nickel must be wrong, because nickel was out of order 
in the sequence of atomic weights, while its x-ray 
properties were just as regular as those of any other 
element. The factor that made it possible for Mose- 
ley to supplant atomie weights with atomie numbers 
was the increase of accuracy given by the Bragg x-ray 
spectrometer. And the factor enabling him to prove 
the similarity of the inner-electron structures of the 
elements more definitely than Barkla had proved it 
was the increase in resolving power for x-ray spectra, 
made possible by the same new apparatus. 

And so it has been with x-ray spectra ever since. 
The next great advance was the long and careful 
series of researches by many physicists, especially by 
Siegbahn and his collaborators, extending Moseley’s 
work in both directions along the scale of atomic 
as numbers, and persistently improving the accuracy of 
the measurements, and attaining still higher resolving 
power to separate the lines into their components and 
| to discover new lines. 
er In all this work, as in Moseley’s first survey, the 
: progression of each line from element to element was, 
a found to be very regular. Nevertheless, on careful 
e theoretical analysis, some less regular aspects ap- 
; peared. This happened when the frequencies of the 

lines were caleulated as term differences, as in the 
optical series, and the term values were plotted 
: against atomic numbers by Bohr and Coster, as in 
ae, Fig. 2. Here the higher term values showed the same 
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regularity of progression that Moseley had foung for 
the line frequencies; but the graphs for the lower 
terms showed sudden changes of slope. These were 
interpreted in terms of changes in the structures of 
the atoms. More specifically, if we imagine Ourselves 
building up a heavy atom by increasing the nucleay 
charge by a proton at a time, and letting new elee. 
trons fall in as they please, each bend in the graphs 
marks a point in the sequence of elements where the 
filling of some electron shell is completed and the 
next one begins. 57, for example, is the beginning 
of the rare earth group. 
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Fig. 2 


To be sure, the bends in these graphs were not the 
only evidence we had on the filling of the sheils. 
Chemical data and the spectroscopy of ordinary light 
confirmed these conclusions. But x-rays were one of 
the most important lines of evidence; and moreove!, 
when any shell was once filled, it beeame buried under 
succeeding shells and got out of reach of chemistry 
or ordinary light; so for heavier elements we had t 
keep in touch with each buried shell by means o 
x-rays. 

The regularity of Moseley’s spectra, on which his 
discoveries depended, was apparent with measure 
ments to 3 significant figures. The very slight de 
partures from perfect smoothness, which were due 
to the outer electron shells and which enabled Boht 
and Coster to distribute the electrons among them, 
became apparent with the next significant figure 
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two. So naturally, one of the present lines of prog- 
yess is toward still higher accuracy. All the strong 
lines are NOW listed to 5 or 6 significant figures, and 
a few even to 7. And on the theoretical side, our 
descriptions of the electron shells are being made 
more specific than mere numbers of electrons, as they 
take the form of wave-mechanical electron distribu- 


tions. 
CURRENT PROGRESS IN WAvE-LENGTHS 


Research within the atoms, however, includes not 
only the determination of their structures, but other 
questions also. For example: Now that the electrons 
are placed, what holds them there? What forces act 
between them; or, if we must not talk of anything 
so anthropomorphie as forces, what relations exist be- 
tween them, and what happens when you disturb these 
relations? For the outer electrons there are many 
lines of evidence on which to answer these questions; 
for the inner there are x-rays and other high-energy 
rays—all of them available in x-ray laboratories. 

A continuation of previous wave-length researches, 
that ought eventually to yield much valuable informa- 
tion on these new questions, is the extension of x-ray 
spectra to longer wave-lengths. This development was 
given a great impetus only a few years ago by the 
discovery by Compton and Doan of a method of using 
ruled gratings for x-rays, instead of crystals. Where 
the longest wave-lengths attainable with crystals were 
around 20 or 30 A, this new method, in the hands 
of Thoraeus and Siegbahn, Dauvillier, Osgood and 
others, has extended the spectra up into the hundreds 
of Angstrom, where they merge gradually into the 
ultra-violet. In faet in this new region most of the 
lines would be classed at once as ultra-violet, but 
some others show the Moseley progression character- 
istic of the older x-ray region. 

These spectra are of a type intermediate between 
x-rays and ultra-violet in other ways also. The 
spectra emitted by solids in this region show lines; 
but their lines are diffuse, and are thus intermediate 
between the sharp lines of the older x-ray region and 
the completely diffuse spectra of most solids in the 
visible. And in theory also these lines are inter- 
mediate between ultra-violet and x-rays, being due to 
transitions between the outer electron states, familiar 
to students of the ultra-violet, and the inner ones 
associated with x-rays. Eventually these spectra 
ought to tell us a good deal about such transitions, 
when their theory catches up with experiment. 

Another field of wave-length researches is on a large 
class of lines in the older x-ray region, called non- 
diagram lines because they are not in the diagrams 
of Spectral terms by which Bohr and Coster made 
their great advance in the theory of atomic struc- 
tures. To see the significance of the non-diagram 
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lines, let us first take a closer look at a Bohr-Coster 
diagram for a single element, for example, the one 
for tungsten as replotted by Siegbahn and shown in 
Fig. 3. This is obviously a Grotrian diagram for a 
system of doublets, much like those of the optical 
spectra of the alkali metals. The S terms are in the 
left-hand column, the P’s next, then D’s and F’s, as 
usual. The chief difference is that it is inverted, in 
the sense that here the electron shell nearest to the 
nucleus, namely, the K, appears at the top of the 
diagram rather than the bottom. The reason for this, 
however, is simply that the energy represented by the 
point K is not energy given to the atom by putting 
an electron into the K shell, but by taking one out of 
it. Placing K at the top, therefore, simply means 
that it takes more energy to take an electron out of 
the K shell than out of any other. 


Fig. 3 


With this fact in mind, the line drawn downward 
from K to Ly, for example, indicates a release of 
energy when the atom changes from a state of K 
ionization to Ly, ionization, while the actual electron 
transfer is in the other direction, an L,, electron drop- 
ping into the K vacancy. 

By the usual selection rules, taken over from 
optical spectra, every electron transfer ought to go 
between adjacent columns, changing the azimuthal 
quantum number by +1. And evidently most of 
them do so. In a few cases, however—and these con- 
stitute a limited class of non-diagram lines—the 
change is by 2 units. We have here, for example, 
the transitions from L, to M,y and My; and the 
transition from L, to My, as a matter of fact, changes 
the inner quantum number also by 2 units. The first 
two non-diagram lines of this class were found as 
long ago as 1916, by Dershem, and such lines have 
often been explained as quadrupole radiation; but it 
is only recently that this explanation has taken a 
quantitative form, in the hands of Segré. This ad- 
vance is a good confirmation of some fundamental 
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postulates of the theory of radiation, which predict 
that quadrupole radiation should be more prominent 
in x-ray spectra than in ordinary light. 

Another class of non-diagram lines are some com- 
ponents of the very strong diagram lines, discovered 
by van der Tuuk, in such elements as iron, in which 
the valence shells are incomplete and have high multi- 
plicities. Apparently these lines are caused by coup- 
ling between the valence shells and the x-ray shells. 
This coupling changes x-ray levels from doublets to 
higher multiples of a peculiar sort, looking like 
doublets with low resolution, but having each term 
widened or split when the resolution is increased. 
These multiplets ought eventually to give valuable 
information on the coupling between these shells. 

Most of the non-diagram lines, however, can not 
be explained at all in terms of these energy levels; 
and while some of them were discovered by Siegbahn 
and his collaborators as far back as fifteen years ago, 
there are still many new non-diagram lines being dis- 
covered every year. To explain them, there are at 
present two theories. One, due to Wentzel, is that 
any such line is due to ionization of two inner elec- 
tron shells at once, followed by a single electron tran- 
sition like that of one of the diagram lines. The other 
theory, due to Richtmyer, is that such a line results 
from a different sort of double ionization, involving 
an inner shell and an outer one, followed by a two- 
electron jump filling them both. Wave-length mea- 
surements are adduced by the advocates of both 
theories as confirmatory evidence, withovt as yet 
reaching an agreement either way. 


INTENSITIES 


Wave-lengths, however, are not the only data ob- 
tainable from a line spectrum. Other data of coordi- 
nate importance are the intensities of the lines. From 
the theoretical aspect, just as wave-lengths tell us 
about electrons in their stationary states, intensities 
tell us about their transitions. As noted already, we 
now have a great deal of accurate information about 
the stationary states, but our knowledge of electron 
transitions is still very incomplete. This difference, 
indeed, is due primarily to a corresponding difference 
in the accuracy of present data on wave-lengths and 
intensities: wave-length data now call for 7-place 
logarithms, but intensities have not yet graduated 
from the slide-rule class. 

At that, however, intensity measurements have al- 
ready accomplished a great deal. In their most rudi- 
mentary form, that of merely looking at spectrograms 
and seeing which lines are strong and which are weak, 
they established some very fundamental laws, notably 
the selection rules. The advance of intensity research 
from rough estimates to real measurements was made 
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first by W. H. Bragg and W. L. Bragg, when they 
measured the intensity ratio of the Ka doublet of 
rhodium, which is like that of tungsten, shown as the 
transitions K-to-Ly and K-to-Lyy in Fig. 3 (p, 193), 
This ratio they found to be 2-to-1, like the doublets 
in the optical spectra of the alkali metals. Furthe; 
measurements of line intensity ratios, by Duane and 
his collaborators, and by S. K. Allison, Jonsson anq 
others, revealed other extensions of the optical sum 
rule to the x-ray series. But there are some notable 
exceptions. For example, there is a doublet in the 
series corresponding exactly to Ka, namely L;-to-U,, 
and L,-to-M,;. This doublet has apparently just as 
clear a reason to be 2-to-1, but its intensity ratio js 
actually nearer 3-to-2 in the elements for which jt 
has been tested. In many measurements of line jn- 
tensity ratios there are great difficulties of technique, 
but in the hands of Allison, von Hevesy and many 
others this field is making rapid progress. 

On the theoretical side, intensity ratios present 
many unsolved problems. For the diagram lines 
these appear to be largely problems of quantitative 
calculation and on them notable progress has been 
made recently by Pincherle. For the non-diagram 
lines, however, aside from the quadrupole lines and 
van der Tuuk’s higher multiplets, even the underly- 
ing principles are in doubt, because we do not know 
whether to ascribe these lines to Wentzel’s double 
ionizations followed by single electron jumps or to 
Richtmyer’s double jumps. As Druyvesteyn and 
others have shown, Wentzel’s theory agrees with ex- 
periment on many points about intensities as well as 
wave-lengths. On the other hand, one of the most 
serious obstacles to this theory comes from the in- 
tensity field, in a measurement of the excitation po- 
tential of one of these lines in copper, by DuMond 
and Hoyt, that seems definitely to prove the excita- 
tion potential too low for the required double ioniza- 
tion. Nevertheless, Richtmyer’s double-jump theory 
also has its obstacles in the intensity field, among 
them being a theoretical one found by Langer, that 
the interaction energy of the two jumps appears 100 
low to predict double-jump lines of observable in- 
tensity. Altogether, it seems still too early to decide 
between these theories. Possibly both may be ¢o- 
rect, some lines being explained by Wentzel’s theory 
and others by Richtmyer’s. 

These researches just reviewed all relate to ratios 


of intensities of different lines and therefore give 1 


formation on the ratios of the probabilities of thei 
different transitions. There is, however, another type 
of intensity research, with another objective. his 
is on the intensity of any one line as a function of 
the voltage on the x-ray tube. Its objective is to test 
the laws of interaction of atomic electrons and cathode 
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ties; and on polarization such parts of it as have yet 
been tested are confirmed, at least approximately, by 
Duane, Kulenkampff, Ross and Cheng. 


rays. More specifically, as the voltage on the tube 
increases, the intensity of any x-ray line changes in 
roportion to the number of atoms ionized in the 
‘nner shell responsible for that line. In measuring 
the intensity of any line as a function of tube voltage, a5 
therefore, one measures the probability of impact 
ionization of an inner electron shell as a function of 
the kinetie energy of the cathode ray before the i! 


impact. 
Similarly in the continuous emission spectrum, the 


intensity at any given wave-length, considered as a 
function of tube voltage, measures a probability of 
interaction. But while the interaction measured by a 
line intensity is an ionizing interaction, between the 
eathode ray and an atomic electron, that measured by 
the continuous intensity is a radiating interaction, be- 


8 


Fig. 4 


tween the cathode ray and the atomic nucleus. 
Considering either of these intensities as a function 
of eathode-ray energy, for directness of theoretical 
interpretation all the impacts involved in any one 
measurement must of course occur at the same energy. 
This condition, however, is never satisfied in a thick 
block of metal, such as we generally use as a target 
for cathode rays, but only in an extremely thin film. 
Measurements with such extremely thin targets in- 
volve special techniques of various sorts, and were 
first made about 5 years ago by several observers in- 
dependently; for continuous spectra by Duane, by 
Kulenkampff and by Nicholas; and for line spectra 
by Clark, Hansen, Yeatman, and me, and by Lorenz. 
In spectra of both types, the theories then avail- 
able were found to be definitely incorrect. For con- 
tinuous spectra, rapid progress in the theory was 
then made by Sommerfeld, Sugiura and Eckart, all 
using wave mechanics. In Fig. 4, for example, we 
have some theoretical graphs plotted by Sommerfeld, 
with experimental points from Kulenkampff’s data. 
The ordinates here are continuous-spectrum intensi- 
ties from a thin target of aluminum, all for the same 
wave-lengths but for rays emitted in different direc- 
tions. The graph marked “40°,” for example, is for 
rays emitted at 40° from the direction of the cathode 
rays; and the other graphs relate to other directions 
in the same way. In all these graphs, the abscissas 
are tube voltages, or cathode ray energies, the left end 
of the seale being the excitation voltage of the wave- 
length used. In each graph, the first experimental 
point was known to be much too low, because the re- 
solving power was not sufficient to exclude some wave- 
lengths exeited only at higher voltages. Neglecting 
these first points, however, the decrease of intensity 
With increasing voltage is represented by Sommer- 
feld’s theory much more exactly than by any previous 
one. In other respects, also, this theory compares 
very favorably with Kulenkampfi’s measured intensi- 


While these continuous-spectrum intensities measure 
probabilities of radiating interactions between cathode 
rays and atomic nuclei, the line intensities, as noted 
above, measure ionizing interactions between cathode 
rays and atomic electrons. And here also, much prog- 
ress has been made since the first thin-target work of 
five years ago. The next measurements of these inter- 
actions, as a matter of fact, were not made by x-ray 
methods, but by direct measurements of ionization in 
gases. Among these I should like to eall attention 
especially to some data on helium, since helium eon- 
tains only one electron shell and is therefore espe- 
cially simple in theory. Some of the results for 
helium are shown in Fig. 5. The continuous graphs 
here represent theoretical equations, while the data 
shown by the dots are a part of a series running well 
above the range of voltage covered by these theories, 
and were taken by P. T. Smith in 1930. The ab- 
seissas are voltages, or cathode-ray energies, expressed 
in terms of their natural unit, the K ionizing poten- 
tial Vy. The ordinates are probabilities of ioniza- 
tion, or equivalent effective cross-section areas, also 
expressed in terms of a rather natural unit, the area 
2ne? 

Vx? 

The contrast between the theories shown here is ob- 
vious. The classical theory is very far from the data, 
even though it takes account of all the significant 
factors known to classical quantum theory, such as 
the orbital motion of the atomic electrons before im- 
pact and the effects of nuclear attractions, both on the 
atomic electrons and on the cathode rays. On the 
other hand, Massey and Mohr’s theory, and Wetzel’s, 
both of which are based on wave mechanics, are really 
good approximations. 

For ionizing cross-sections taken from line inten- 
sities, in the x-ray region, Fig. 6 shows some data on 
silver obtained recently by Hansen, Duveneck and the 
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author. The atomic electrons here are those of the K 
shell only, as in helium. The significance of the 
abscissas and ordinates are also as in the helium 
graphs, except for the fact that the ionization prob- 
abilities, or areas, are expressed here in arbitrary 
units, equating the theoretical values to the experi- 
mental at the highest voltage. This procedure is 
adopted because the absolute values are not known so 
accurately for silver as for helium. All the theories, 
however, predict that they would be about a million 
times smaller for silver than for helium, because their 
natural unit (2xe?/V,?) is that much smaller; and 
recent data taken by J. C. Clark confirm this pre- 
diction. So the units of the graphs on this slide are 
probably not very seriously different after all. 


lorizing Area 


Arbitrary ars 
Q25- 


Evidently, for silver, as for helium, the wave me- 
chanical theory is far better than the classical. Re- 
garding possible differences between the two wave 
mechanical theories, Wetzel’s theory and Massey and 
Mohr’s, the evidence for silver is not yet at hand. 
Both of these theories require very laborious compu- 
tations, and I wish to express here my most cordial 
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thanks to Professor Wetzel for starting such compu. 
tations on his theory, as well as to Professor Massey 
and Mr. E. H. 8. Burhop for actually obtaining the 
figures for the graph we have before us. 

For electrons in shells other than the K, some data 
have been obtained by Coster and van Zuylen on the 
L electrons of tungsten, and by Pockman, Kirkpat. 
rick and me on those of gold. The general character 
of the interactions of these L electrons with cathode 
rays is much like that of the K electrons, though they 
differ quantitatively, both from the K electrons ang 
among themselves. These differences would be quite 
inexplicable by any classical theory; but Goldstein 
has shown that wave mechanics predicts differences, 
though whether it predicts them correctly is one of 
the numerous questions that still lie before us. 

In short, this branch of intensity research is now at 
a stage of evolution that wave-length research had 
reached about fifteen years ago, when the Ritz combi- 
nation principle had just been extended to the inner 
electrons, but nobody knew how many electrons there 
were in each orbit. For intensities, now, the wave 
mechanics has just been extended to the interactions 
of the inner electrons with cathode rays, at least as 
a good first approximation, but the theory is by no 
means complete. To date it is based on the first term 
of Born’s perturbation series, with the second con- 
sidered only in purely qualitative corrections by 
Massey and Mohr. Much development is therefore 
needed there. And while the data for silver and 
helium are much alike, their differences will give us 
valuable information. The effects of relativity should 
be much greater in silver than in helium; and also 
silver contains other electrons, outside the K shell, 
which must exert an influence, both by the screening 
effect and by changing the system of orthogonal! fune- 
tions with which one must calculate. Thus the differ- 
ences between these elements or with others to be 
tested later will be most significant as a test of the 
way in which the wave mechanies handles the prob- 
lems of relativity and of many electrons. Since the 
contrast between wave mechanics and elassical theory 
is especially great here, and the data decide so clearly 
between them, it is reasonable to expect such data to 
be of still further use as a proving ground for theories 
attempting greater accuracy. 

Indeed, considering the broader field of x-ray emis- 
sion as a whole, it is evident that intensity measure- 
ments have a great deal to tell us about the interac- 
tions of electrons with one another and with nuclei, 
and their story has only just begun. 


THE Rest or X-Ray Puysics 


The progress in the physies of x-ray emissiOn, 
which I have just sketehed in outline, is typical of 
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xray physics as @ whole. Absorption, refraction, 
sattering, the Compton effect and other branches of 
xray physics present the same variety of researches, 
ranging from extreme refinements in the study of 
familiar phenomena to preliminary explorations of 
new ones. 

The most unexplored field in all x-ray physics, how- 
S over, lies in the direction of extremely high voltages. 
Coolidge, Lauritsen, Tuve, Lawrence, van der Graaf 
and their collaborators have already shown the way 
| to this new field and found plenty of new rays there. 
Thus far, the new rays are all of one type, con- 
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tinuous spectra. But with what we now know of 
nuclear excitations and disintegrations by positive 
rays and of nuclear excitations at least by beta rays, 
there is no telling what may be found in this new 
field. 

Altogether, x-ray physics includes not only the old 
field of wave-length research, now pushing on from 
its fifth significant figure to its sixth and seventh, and 
such newer fields as intensities, now trying for the 
second or third figure, but even such a very new field 
as this one of high voltages, where the first figure is 
still unknown. 


SCIENTIFIC EVENTS 


THE BRITISH DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH 


AccorpInG to the annual report of the British 
Department of Seientifie and Industrial Research, 
; issued recently, the grant of £1,000,000 made by the 
government in 1917 for the encouragement of indus- 
trial research has become exhausted. The fund has 
heen used by the department for assisting the forma- 
tion of cooperative research associations in various in- 
dustries, maintained partly by grants from the de- 
partment and partly by subscriptions from industry. 
Though the “million fund” is no longer available the 
department’s grants are now being made from its 
parliamentary vote. 

A large part of the report of the Advisory Council 
of the department, signed by Lord Rutherford, is de- 
voted to a survey of the research association scheme 
and to summarizing the results of the experiment. 
The expending of the million fund has attracted a 
total industrial contribution of £1,750,000, and at the 
moment the state is contributing £65,000 a year and 
industry £170,000 a year towards the support of a 
group of nineteen research associations, which include 
in their membership some 5,000 firms. 

Striking examples are quoted to illustrate the 
enormous ‘savings that have accrued from research 
work in various large industries. The report points 
out that the annual sum of less than £250,000 is 
trivial in relation to the interests involved and the 
possibilities awaiting realization. The basis on which 
many of the research associations are working is said 
to be hardly commensurate with the size of the in- 
dustries they serve. 

Work in progress is carried on in the depart- 
ment’s own establishments and in the laboratories of 
research associations. For example, work in progress 
at the Department’s Building Research Station in- 
cludes the study of the most economical means of 
warming a house, investigations on wall plasters, on 


the problem of damp walls, on painting on cement 
and plaster, and on the deterioration of bricks. 

The work of the Food Investigation Board of the 
Department is said to be meeting with considerable 
success in improving the quality of foodstuffs and in 
eliminating waste by better methods of transport and 
storage. 

The Wool Industries Research Association has 
found a new process for making wool unshrinkable 
by the treatment of the wool fibers in bulk before 
they are spun. 

Work for the automobile industry included research 
on the problem of cylinder and piston wear, which 
involved 360 distinct engine tests and 15,000 measure- 
ments. Besides this work, the Research Committee 
of the Institution of Automobile Engineers is carry- 
ing out investigations on the wear of valves and 
valve-seats, big-end bearing problems, lubricating oil 
pumping, and oil consumption. During the year the 
responsibility for road research has been transferred 
to the department from the Ministry of Transport. 
Researches on road tars are being carried out at the 
Chemical Research Laboratory. Work on motor-car 
headlights at the National Physical Laboratory has 
led to a method for determining the light distribu- 
tion which should be aimed at for a headlight beam. 

The report states that many of the researches of 
the department have a direct bearing on public health. 
Chief among these is the work of the Water Pollution 
Research Board on water supplies and the prevention 
of pollution. A complete survey is being made of 
existing knowledge regarding the solvent action of 
water on lead. The effect of electric currents in 
leaden waterpipes on the lead content of the water 
is also being investigated. Work is also being done 
on water-softening processes. 

At the request of the Home Office, the department 
has arranged for an investigation to produce more 
efficient respirators for use in industrial processes as 
a protection against the inhalation of dust. 
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Research is also being carried out on the detection 
of small quantities of toxic gases in the atmosphere, 
and on respirators to prevent the breathing of such 
gases. 

The improvement of materials used in dentistry is 
also a subject of research under the department, while 
x-ray examinations have been carried out in coopera- 
tion with the Medical Research Council on the struc- 
ture of teeth. 


THE JOHN B. PIERCE LABORATORY OF 
HYGIENE AT NEW HAVEN, CONN. 

UniQvueE facilities for the study of the effect of a 
wide variety of atmospheric conditions on the health 
and comfort of human beings and animals have been 
provided through the completion of the John B. 
Pierce Laboratory of Hygiene at New Haven, Conn., 
according to an announcement made by Professor 
C.-E. A. Winslow, of the Yale University School of 
Medicine, before the recent meeting of the American 
Society of Heating and Ventilating Engineers. 

Although the laboratory is an independent institu- 
tion, it is conducted in affiliation with the Yale Uni- 
versity School of Medicine, with Professor Winslow 
as director, and its advisory staff is comprised of 
experts in medicine, physiology, psychology, engineer- 
ing and physics. 

Two years have been spent by the John B. Pierce 
Foundation in designing and constructing the Lab- 
oratory of Hygiene. The object of the foundation, 
by the terms of the will of the late John B. Pierce, 
is “the promotion:of research, educational, technical 
or scientific work in the general field of heating, venti- 
lation and sanitation . .. to the end that the general 
hygiene and comfort of human beings and their habi- 
tations may be advanced.” Hitherto, facilities for 
thorough-going research in this field have been lack- 
ing. 

The central feature of the laboratory is a two-room 
frame house completely surrounded, above and below 
and on all four sides, by “shell” spaces. In these 
Six spaces any desired conditions of temperature and 
humidity can be produced, against which the two ex- 
perimental rooms can be heated and ventilated by 
various metheds. The test rooms are 15 feet by 12 
feet by 9 feet high. Each room has three windows 
opening on the shell spaces. The rooms are elec- 
trieally lighted and comfortably furnished with rugs, 


hangings and household furniture, so that subjects. 


ean live in them comfortably for extended periods. 
There is a control room on the same floor as the test 
rooms. The first floor of the building, which is on 
Congress Avenue, opposite the Yale University School 
of Medicine, contains the entrance lobby and offices 
and a workshop with lathes and benches for making 
the necessary equipment. The basement contains the 
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conditioning machinery, constructed especially to meet 
the requirements of the experiments to be conducted 
in the laboratory and animal rooms in which atmos. 
pheric conditions can be controlled as they are in th, 
test rooms. 

Professor Winslow, who is head of the department 
of public health in the School of Medicine, has 4 
associate directors in the Hygiene Laboratory Dy. 
Leonard Greenburg and Dr. L. P. Herrington, both 
of whom hold appointments on the staff of the mej. 
ical school. The laboratory is now in full operation, 


THE EIGHTY-SEVENTH MEETING OF THE 
AMERICAN CHEMICAL SOCIETY 


THE eighty-seventh meeting of the American Chen. 
ical Society will be held in St. Petersburg, Fla., from 
March 25 to 30. 

A symposium, the general subject of which will }e 
“The Physical and Chemical Properties of the Is. 
topes of Hydrogen,” will be held’on Mareh 27 unde; 
the auspices of the Division of Physical and Inorganic 
Chemistry. Professor Donald H. Andrews, of the 
Johns Hopkins University, chairman of the division, 
will preside. Morning and afternoon sessions will be 
held. 

The opening address will be delivered by Professor 
Harold C. Urey, of Columbia University, who was 1- 
cently awarded the Willard Gibbs Medal of the Chi- 
cago section of the society for his discovery of heavy 
water. Professor Urey’s topie will be “The Isotopes 
of Hydrogen.” Dr. F. G. Brickwedde, of the U. S. 
Bureau of Standards, associated with Professor Urey 
in the discovery, will speak on “Vapor Pressure of 
Deuterium.” 

Professor Hugh 8S. Taylor, chairman of the depart- 
ment of chemistry at Princeton University, will dis- 
euss “The Hydrogen Isotope as a Research Tool in 
Chemical Kinetics.” In the Frick Chemical] Labora- 
tory of Princeton University quantity production of 
heavy water through a specially constructed machine 
is under way, and biological experimentation to ascer- 
tain the effect of the new liquid upon animals is in 
progress. 

Dr. E. R. Smith, research chemist of the U. 5. Bu 
reau of Standards, will present a paper on “The Is0- 
topie Fractionation of Water by Physiological Prot 
esses,” which he prepared in collaboration with Dr. E. 
W. Washburn, of the bureay, who died recently. 
Quantity production of heavy water was achieved by 
electrolytic methods devised by Dr. Washburn, who 
was to have been a leading figure in the symposium: 

Other speakers and their topies will be: Professt 
F. Allison, of the Alabama Polytechnic Institute, “The 
Isotopes of Hydrogen by the Magneto-Optic Method 
of Analysis”; Professor L. C. Anderson, J. R. Bates 
and J. O. Halford, all of the University of Michigan, 
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“Bxehange Reactions Involving Deuterium”; D. H. 
Rank and G. H. Fleming, of the Pennsylvania State 
College, “Neopentyl Deuteride”; Professor Urey and 


|p. Rittenberg, of Columbia University, “The Ther- 


mal Equilibrium Constant of Deuterium Iodide”; Dr. 
(j. H. Dieke, of the Johns Hopkins University, “The 
Spectroscopy of Deuterium”; Dr. Dieke and R. W. 
Blue, also of the Johns Hopkins University, “The 
Analysis of the Spectra HD/D,.” 

A symposium on “Indicators” will be held by the 
Division of Physical and Inorganie Chemistry. Pro- 
fessor C. J. Brockman, of the University of Georgia, 
will preside. Symposia on naval stores and citrus 
fruit products are scheduled by the Division of Agri- 
cultural and Food Chemistry, of which Donald K. 
Tressler, of the New York State Agricultural Experi- 
ment Station, Geneva, N. Y., is chairman. 

Advances in other fields, including medicine and 
public health, biology, rubber, gas and fuel, sugar, 
cellulose, colloids, and water, sewage and sanitation, 
will be described in several hundred papers and 


addresses. 
The Gas and Fuel Division will meet under the 


| chairmanship of Dr. Harold J. Rose, of the Mellon 


Institute, Pittsburgh. Among the speakers are D. A. 


| Reynolds, Bureau of Mines Experiment Station, Pitts- 


burgh; Dr. Gustav Egloff and Dr. J. C. Morrell, Uni- 
versal Oil Products Company, Chicago. 

Other divisions which will hold sessions, and their 
chairmen, are: Division of Biological Chemistry, 
Professor Robert C. Lewis, of the School of Medi- 
cine, University of Colorado; Division of Cellulose 
Chemistry, Carleton E. Curran, director of pulp and 
paper research, Forest Products Laboratory, Madison, 
Wis.; Division of Chemical Education, Professor Ross 
A. Baker, College of the City of New York; Divi- 
sion of Colloid Chemistry, Professor Wesley G. France, 
of the Ohio State University; Division of Industrial 
and Engineering Chemistry, Walter G. Whitman, 
Standard Oil Company of Indiana, Whiting; Divi- 
sion of Medicinal Chemistry, Dr. Paul Nicholas Leech, 
American Medical Association, Chicago; Division of 
Organic Chemistry, Dr. C. S. Hudson, Hygienie Lab- 
oratory, Washington; Division of Paint and Varnish 
Chemistry, R. J. Moore, Bakelite Corporation, Bloom- 
field, N. J.; Division of Rubber Chemistry, Ira Wil- 
liams, Woodstown, N. J.; Division of Sugar Chem- 
istry, Otto A. Sjostrom, Corn Products Refining Com- 
pany, Argo, Ill.; Division of Water, Sewage, and 
Sanitation Chemistry, Edward S. Hopkins, Bureau 
of Water Supply, Baltimore. 

The Couneil and Board of Directors will convene 
on the opening day when reports of officers and com- 
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mittees will be received and plans for the develop- 
ment of the professional activities of the society will 
be considered. Officers of the local sections, assem- 
bled from all parts of the country, will also meet. 
The leading industries of Florida will be inspected. 

An elaborate program of entertainment has been 
arranged by a local committee, with the cooperation 
of the city government and of industrial, civic, patri- 
otic, professional and social organizations. The chair- 
man of the committee is Dean Townes Randolph 
Leigh, of the College of Arts and Sciences of the 
University of Florida. 


RECENT DEATHS 


Mrs. ELIZABETH GERTRUDE Britron (Mrs. Nathan- 
iel Lord Britton), honorary associate instructor and 
curator of the moss collection of the New York Botan- 
ical Garden, died on February 25, at the age of sev- 
enty-six years. 


WiLu1AM BEUTENMULLER, for twenty years curator 
of the department of entomology at the American 
Museum of Natural History, died on February 24 in 
his seventieth year. 


Dr. Fetix NEUMANN, until recently assistant libra- 
rian at the Army Medical Library, died on February 
7. He was seventy-six years old. 


Ira A. WILLIAMS, consulting geologist of Portland, 
Oregon, died at his home on January 22. He was 
fifty-eight years old. 


THE death is announced of Dr. Julius Bauschinger, 
professor of astronomy at the University of Leipzig. 


THE Academy of Science of St. Louis has passed the 
following resolution in honor of Otto Widmann, one of 
its two honorary members, who died on November 26 
in his ninety-third year. 


WHEREAS, Otto Widmann has given his life to science, 
has enriched the field of ornithology by original contri- 
bution, especially by the increase of knowledge of the 
avifauna of Missouri; and, 

WHEREAS, He has been a supporter, staunch and faith- 
ful, of the purposes and endeavors of the St. Louis Acad- 
emy, strengthening it by his interest and activity; and, 

WHEREAS, Otto Widmann’s example of enduring devo- 
tion to science has been an inspiration to his colleagues 
and to the younger generation of ornithology; therefore, 
be it 

Resolved, That the Academy of Science of St. Louis 
record with deep regret the passing of a loyal member, 
a distinguished investigator, a gentle and lovable per- 
sonality. 
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SCIENTIFIC NOTES AND NEWS 


Howarp NicHOLAS EAVENSON, consulting engineer, 
was elected president of the American Institute of 
Mining and Metallurgical Engineers at the annual 
meeting recently held in New York City. 


THE Lamme Medal of the American Institute of 
Electrical Engineers for 1933 has been awarded to Dr. 
Lewis B. Stillwell, consulting engineer of New York 
City, “for his distingiushed career in connection with 
the design, installation and operation of electrical ma- 
chinery and equipment.” The medal will be presented 
at the summer convention of the institute, which is to 
be held at Hot Springs, Virginia, June 25 to 29. Pre- 
vious recipients of the awards of the Lamme Medai of 
the institute were: Allen B. Field, 1928; Rudolf E. 
Hellmund, 1929; William J. Foster, 1930; Giuseppe 
Faccioli, 1931, and Edward Weston, 1932. 


THE Faraday Medal of the British Institution of 
Electrical Engineers has been awarded to Sir Frank 
E. Smith, secretary of the Department of Scientific 
and Industrial Research. The medal is awarded “for 
notable scientific or industrial achievement in elec- 
trical engineering or for conspicuous service rendered 
to the advancement of electrical science, without re- 
striction as regards nationality, country of residence, 
or membership of the institution.” 


Mempers of the staff of the School of Medicine of 
Western Reserve University, Cleveland, gave a 
luncheon in honor of the sixtieth birthday of Dr. 
Torald Sollmann, dean of the school, on February 10. 
Those present included Dean W. G. Leutner, acting 
president; Dr. Charles F. Thwing, president emeritus; 
Dr. Robert H. Bishop, director of University Hos- 
pitals, and Dr. George W. Crile, professor emeritus of 
surgery. In memory of the occasion, Dr. Sollmann 
was given a decorated parchment manuscript in a 
blue pinseal folder, hand tooled in gold, inscribed as 
follows: “To Torald Hermann Sollmann: Your col- 
leagues have gathered together to felicitate you upon 
the occasion of your sixtieth birthday, to congratulate 
you upon the scientific achievements which have given 
you eminence the world over. Your academic career, 
begun and continued in Western Reserve University, 
has brought luster to your name and distinction to 
the institution, which through many channels, you 
have served selflessly, faithfully, enthusiastically, en- 
ergetically, and with inspiring loyalty. With affec-: 
tion, admiration and respect, we wish you many more 
years of fruitful investigation and happiness.” 


On February 17, about 400 members of the Bureau 
of Plant Industry, together with representatives of 
various other bureaus of the Department of Agricul- 
ture, gathered in the main building of the department 


to do honor to Dr. W. A. Taylor, who recently retire 
as chief of the Bureau of Plant Industry. In ty 
course of the afternoon, Mr. H. P. Gould, who was 
for a long time associated with Dr. Taylor in hor. 
cultural investigations, presented him with a leather. 
bound souvenir volume which contained the following 
expression of appreciation signed by those presen; 
and by a considerable number of field employees of 
the Bureau of Plant Industry. “William A. Taylor, 
chief of the Bureau of Plant Industry from 1913 ty 
1933, and for more than forty-two years active in the 
work of the United States Department of Agriculture, 
life-long student of horticultural science, pioneer jn 
broadening the field of botanical research, untiring 
leader, sympathetic adviser, keen and kindly criti of 
manuscripts, promoter of friendly cooperation, ex. 
emplar of the square deal in administration ; this per. 
sonal testimonial of grateful appreciation is affection. 
ately dedicated by the members of the bureau he has 
so ably served.” 


Dr. W. J. TURRELL, physician-in-charge of the elee- 
trotherapeutic department of the Radeliffe Infirmary, 
Oxford, has received from Dr. Norman E. Titus, of 
New York, the Gold Key awarded to him at the last 
annual meeting of the American Congress of Physical 
Therapy. The distinction is the highest awarded in 
the United States for original research and distin- 
guished services in the field of electrotherapy. The 
presentation was made to Dr. Turrell at a dinner 
given to Dr. Norman Titus by Dr. Howard Humphrs, 
to whom the award was made by the congress in 1932. 


On the occasion of the centennial of the Medical 
School of the Ohio State University, which will be 
held on March 1, 2 and 3, the degree of doctor of 
science will be conferred on Dr. Henry S. Houghton, 
associate dean of the biological sciences at the Uni- 
versity of Chicago; on Dr. Torald H. Sollmann, pro- 
fessor of pharmacology and materia medica at the 
School of Medicine of Western Reserve University, 
and on Dr. William S. McCann, Dewey professor and 
director of the department of medicine in the School 
of Medicine and Dentistry in the University of 
Rochester and physician-in-chief of the Strong Me 
morial Hospital. 

Dr. Josep S. Ames, president of the Johns Hop- 
kins University, on February 22 attended for the 
fiftieth time the commemoration day exercises. Dr. 
Ames entered the university as an undergraduate stl- 
dent in 1883 and has been associated with the univer: 
sity ever since with the exception of a year spent # 
the University of Berlin in 1886-87. 


In connection with the fiftieth anniversary of Te 
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ple University the doctorate of science was conferred 
on February 16 on United States Senator Royal S. 
Copeland, of New York; on Dr. George E. de 
Schweinitz, of the University of Pennsylvania, and 
on Dr. Albert L. Midgley, Providence, Rhode Island, 
secretary of the Dental Educational Council of 


America. 
Tue first award of the George W. Carpenter Fund 


for encouragement of scientific research has been made 


by the Academy of Natural Sciences of Philadelphia 
to Dr. Francis W. Penneli, curator of botany for his 
work on the Snapdragon family of eastern North 
America. In presenting the $250 honorarium at the 
annual meeting, Effingham B. Morris, president of the 
academy, announced that this fund also would permit 
publication of Dr. Pennell’s book on the subject. The 
George W. Carpenter Fund is a bequest from the 
late Mrs. Ellen D. C. Bennett, in memory of her 
father, one of the earliest members of the academy, 
who served as treasurer of the institution from 1826 
to his death in 1880. 


Tue American Association of University Women 
has announced that its Sarah Berliner Research Fel- 
lowship of $1,200 has been awarded to Dr. Emma 
Dietz, Brooklyn, now engaged in chemical research at 
Harvard University. 


ProressorR EpwarD Every, professor of chemistry 
at Union College and dean of the faculty, who, since 
the retirement last April of President Frank Parker 
Day, has been serving as acting president of the col- 
lege, will return to his work in the department of 
chemistry at the close of the academic year. Dr. 
Dixon Ryan Fox, professor of history at Columbia 
University and president of the New York State His- 
torical Association, has been elected to succeed Dr. 
Day as president. 


Dr. Davin D. Wurrney, professor of zoology, has 
been appointed chairman of the department of zool- 
ogy at the University of Nebraska. He succeeds Dr. 
Robert H. Woleott, who died on January 23. 


Dr. Freperick A. Davipson, associate aquatic 
biologist of the Bureau of Fisheries, has been ap- 
pointed acting director of the Fisheries Biological 
Laboratory at Seattle, Washington, relieving Joseph 
A. Craig, who has been serving as director since 1931. 


Dr. Leste C. Dunn, professor of zoology at Co- 
lumbia University, has been given leave of absence for 
the academie year 1934-35; Dr. Charles C. Leib, 
Hosack professor of pharmacology, and Dr. Joseph 
F. Ritt, professor of mathematics, have leave of ab- 
sence for the winter session. Leave of absence for the 
spring session has been granted to Dr. Gary N. 
Calkins, professor of protozoology; Dr. Earl Theron 
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Engle, associate professor of anatomy; Dr. Harry L. 
Hollingworth, professor of psychology; Arthur F. 
Taggart, professor of mineral dressing; Dr. Dudley J. 
Morton, associate professor of orthopedie surgery, and 
Dr. Edmund W. Sinnott, professor of botany. 


ActInG at the request of the Forest Conservation 
Conference, Seeretary Ickes has appointed to the ex- 
ecutive committee as representative of public interest : 
Earle H. Clapp, assistant forester in charge of re- 
search, U. §. Forest Service; Ward Shepard, Indian 
Service; W. G. Howard, state forester, New York; O. 
M. Butler, executive secretary, American Forestry As- 
sociation, and B. P. Kirkland, U. S. Forest Service. 


Dr. Harry 8. Smiru, entomologist at the Citrus 
Experiment Station of the University of California 
at Riverside, has been appointed chairman of the 
Standing Committee on Pacific Entomology, a branch 
of the Pacific Science Congress. The committee has 
been named to promote cooperation in the solution of 
entomological problems existing in nations bordering 
on the Pacific Ocean, particularly in relation to pre- 
venting the spread of pests from one country to an- 
other, and the interchange of beneficial insects for the 
control of pests. 

THE Committee on Scientific Research of the Amer- 
ican Medical Association has made the following 
grants-in-aid: Phillips Thygeson, University of Iowa, 
for work on virus diseases of the eye; Harry Gold- 
blatt, Western Reserve University, for a study of ex- 
perimental hypertension in dogs; Paul Visscher, West- 
ern Reserve University, for work on a chemical test 
for pregnancy; M. D. Overholser, University of Mis- 
souri, for work on experimental production of new 
growths in the genital tract of the monkey and op the 
relation of anterior hypophysis to experimental dia- 
betes; M. G. Seelig, Barnard Free Skin and Cancer 
Hospital, St. Louis, for a study of radiosensitivity of 
neoplasms; C. Alexander Hellwig, St. Francis Hos- 
pital, Wichita, Kansas, for study of the thyroid fune- 
tion in colloid goiter; L. A. Emge, Stanford Univer- 
sity School of Medicine, for work on the relation be- 
tween pregnancy and tumor growth; Charles J. Sutro, 
Hospital for Joint Diseases, New York, for investiga- 
tion with fluorescent microscope; M. L. Tainter, Stan- 
ford University School of Medicine, for study of the 
metabolic action of dinitrophenyl in man; Bernard 
Portis, Michael Reese Hospital, Chicago, for study of 
the immune reactions of the Flexner-Jobling rat 
tumor. 


THe “Mangareva Expedition” has been organized 
by the B. P. Bishop Museum for conducting studies 
of ethnology and natural history in the little-known 
parts of southeastern Polynesia. Because other 
means of transportation are unavailable, the expedi- 
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tion is provided with two ships. The Islander (Cap- 
tain W. G. Anderson), a high-powered sampan, will 
leave Honolulu on March 1 and during a six months’ 
cruise will serve as a “master ship” for investigators, 
chiefly at Mangareva, Oeno, Piteairn, Rapa, Tubuai, 
Rurutu, Raivavae and Rimitara islands. The second 
ship, the eutter yacht Tiare Tahiti (Captain Robert 
S. Burrell), under charter from May to October, will 
serve primarily as a “transfer ship” for the ethnolo- 
gists at work in Mangareva and among the 360 islands 
of the Tuamotu Archipelago. The chief purpose of 
the expedition is to record data regarding native 
races, flora and land fauna, which are disappearing 
at a surprisingly rapid rate. Incidental observa- 
tions on geology, marine zoology and general ocean- 
ography will also be made. The scientific staff in- 
cludes Dr. Peter H. Buck, Kenneth P. Emory and 
J. Frank Stimson, ethnologists; Professor Harold St. 
John and Raymond Fosberg, botanists; Dr. C. Mon- 
tague Cooke, Jr., and Donald Anderson, malacolo- 
gists, and E. C. Zimmerman, field entomologist. Dr. 
C. Montague Cooke, Jr., has been appointed leader 
of the expedition. 


Dr. Ropert A. MiuLiKAN, of the California Insti- 
tute of Technology, on November 1 delivered before 
the University of California at Los Angeles Chapter 
of the Society of the Sigma Xi an illustrated lecture 
on his recent work. 


Dr. Epwin Grant CONKLIN, professor of zoology 
at Princeton University, gave on February 20 one of 
a series of lectures arranged for the undergraduates 
of the New Jersey College for Women. 


Dr. Larayerre B. Menpen, Sterling professor of 
physiological chemistry at Yale University, addressed 
the Philadelphia Home Economies Association on 
February 15. His subject was “Nutrition and the 
Chemist.” 


Dr. ALBERT W. HULL, assistant director of the re- 
search laboratory of the General Electrie Company, 
Schenectady, New York, gave a lecture before the 
Franklin Institute on February 21 on “Fundamental 
Phenomena in Thyratrons.” 


Dr. FraNK CHARLES Mann, professor of experi- 
mental surgery at the Mayo Foundation, will deliver 
the Stuart McGuire Lectures for the current year on 
the nights of April 2 and 3 at the Medical College of 


Virginia, Richmond. He will speak on “The Anatomy . 


and Physiology of the Liver” and “Experimental 
Pathology of the Liver.” The Stuart McGuire lecture- 
ship, inaugurated during the session 1929-30 in reeog- 
nition of Dr. MeGuire’s service as teacher and presi- 
dent of the Medical College of Virginia, has been filled 
thus far by Dr. William J. Mayo, Rochester, Minne- 
sota; Dr. 8. A. Mitchell, University of Virginia; Dr. 


James §. McLester, University of Alabama Medics] 
School, and Dr. Ronald T. Grant, University College 
Hospital Medical School, London. 


RECENT lectures and clinies at Duke University were 
given as follows: Dr. George L. Streeter, of the (a). 
negie Institution Department of Embryology, Balj. 
more, on “Foetal Amputations”; Dr. E. F. Lowry, of 
the U. S. Navy Recruiting Station, at Raleigh, N. ¢ 
on “A Medical Career in the Navy.” Dr. Charles D. 
Lucas and Dr. Fred W. Stewart, of the Memoria] 
Hospital for the Treatment of Cancer and Allied Dis. 
eases, New York City, gave a clinie on “Cancer.” 


THE February lecture on the Smith-Reed-Russ¢l| 
series at the School of Medicine of George Washington 
University was delivered by Dr. Edward Francis, of 
the National Institute of Health, who spoke on “The 
Study and Control of Tularemia.” Dr. Elliott Proc. 
tor Joslin, clinical professor of medicine in the Har. 
vard Medical School, addressed the students in the 
School of Medicine on February 12 on “Diabetes.” 


Sir ArTHUR EDDINGTON gave the Rickman Godlee 
Lecture at University College, London, on February 
16 on “The Constitution of the Stars.” The chair was 
taken by Lord Dawson of Penn. 


Dr. G. professor of anatomy in the 
University of London, recently delivered three lectures 
at the Royal Institution on “Human Biology.” 


THE trustees of the New York Museum of Science 
and Industry have installed an exhibition illustrating 
that “Science and Invention Make More Jobs.” A 
preview was held on February 22 at which Dr. Kar! 
T. Compton, president of the Massachusetts Institute 
of Technology, and Dr. Robert A. Millikan, of the 
California Institute of Technology, were especially 
invited guests. At a meeting in the evening arranged 
by the New York Electrical Society and the American 
Institute of Physics, addresses were made on the sub- 
ject by Drs. Compton and Millikan and by Dr. F. B. 
Jewett, president of the Bell Telephone Laboratories. 


Tue American Society of Mammalogists will hold 
its sixteenth annual meeting at The American Museum 
of Natural History, New York, from May 8 to 12. 
Concurrently the American Society of Ichthyologists 
and Herpetologists and the American Association of 
Physical Anthropologists will meet in New York. 


Tue Fifth Annual Greater New York Safety Cor- 
ference will be held at the Hotel Pennsylvania, New 
York City, on March 6 and 7. 


A JoInT meeting of the Wisconsin Academy of 
Sciences, Arts and Letters, the Wisconsin Archeolog: 
ieal Society and the Midwest Museums Conferenct 
will be held at Lawrence College, Appleton, Wisco? 
sin, on April 6 and 7. Two concurrent sections 


VOL. 79, No, 2044 | 


» 
b 
a 
D 
| 
| 
V 
I 
é 
j 
( 
( 
= 
/ * 
¢ 
ae, 
i 
| 
. 


Marc 2, 1934 


be held for the reading of papers: Section A for 
archeology, history, literature and the social sciences; 
Section B for zoology, botany, physics, chemistry, 
astronomy, mathematics and applied science. The an- 
nual academy dinner will be held on Friday evening, 
April 6. Following the dinner Professor Laurence 
M. Gould, of Carleton College, will give an illustrated 
lecture on some phase of his experiences and obser- 
vations as geologist with Commander Byrd’s first 
South Polar Expedition. 


PRESIDENT ROOSEVELT has transferred the Bureau 
of Mines from the Department of Commerce to the 
Department of the Interior where it was prior to the 
Hoover administration. The transfer will become 
effective in sixty days unless vetoed by the Congress. 


By an agreement between the War and Interior De- 
partments the whole of Bedloe’s Island will be made 
a national monument and will be transferred to the 
Office of National Parks, Buildings and Reservations. 


THe Museum of the American Indian, Heye Foun- 
dation, will erect on a six-acre plot owned by the mu- 
seum in the Bronx, New York City, full-sized repro- 
ductions of American Indian dwellings and ceremonial 
buildings. 

Drs. WintiAM J. AND CHARLES H. Mayo, of the 
Mayo Foundation, Rochester, Minnesota, have given 
$500,000 to the University of Minnesota to supplement 
the endowment of $1,500,000 provided by them origi- 
nally for the foundation. The Mayo Clinic opened 
in 1915 when the original fund had grown through 
interest to $2,000,000. 
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Dr. ANNIE J. CANNON, curator at the Harvard Ob- 
servatory, who last year received the prize of $1,000 
awarded by the Association to Aid Scientifie Work by 
Women, has contributed the amount of the prize to 
found the Annie J. Cannon Prize, to be awarded every 
three years for a distinguished contribution to astron- 
omy by a woman. The fund will be administered by 
the American Astronomical Society, and the first 
award will be made in December. 


Tue London Times writes: The practise which is 
being increasingly adopted in industry and commerce 
of setting scientifically devised intelligence and psy- 
chological tests to applicants for employment has now 
been put into use by Messrs. Peek, Frean and Com- 
pany, Limited, who employ some 4,000 people at 
their works in Bermondsey in the production there 
of over 40,000,000 biscuits a week. During the last 
few days a number of juvenile applicants for 
posts have been interviewed and tested., Mr. J. H. 
Fullwood, employment manager at the works and 
president of the Institute of Labor Management, 
stated recently that investigations showed that the 
labor turnover at the works was too high and un- 
economic. The National Institute of Industrial Psy- 
chology were approached, and certain specially de- 
signed tests were supplied. The firm had now 
adopted a four-years’ plan for the scientific selection 
of juvenile workers, and already the results indicated 
that the tests were sound, and he was hopeful that 
they would bring about a substantial reduction of the 
wastage of labor turnover. 


DISCUSSION 


A SUGGESTION REGARDING THE CHEMICAL 
FORMULAE OF COMPOUNDS CONTAIN- 
ING HYDROGEN AND OXYGEN 
ISOTOPES 


Prior to the discovery of the isotope of hydrogen 
of mass 2, the isotopes of chemical elements did not 
introduce difficulties in the writing of chemica! for- 
mulae, because it had been found impossible (with 
any technique known at the present time) to separate 
into its component atoms an isotopic mixture. With 
the discovery of hydrogen of mass 2, however, we are 
faced with not only the possibility of a complete 
separation of the hydrogen isotopes from each other 
but also with the fact that in all probability we are 
upon the threshold of a new series of organic com- 
pounds in whieh hydrogen of mass 2 may be substi- 
tuted either wholly or in part for hydrogen of mass 1. 
It therefore appears imperative that some uniform 
scheme be devised to designate the structural formulae 
of such organie compounds. 


Various suggestions have already been put forth. 
It has been suggested that hydrogen of mass 2 be 
called “deuterium,” with hydrogen of mass 1 to be 
known as “protium.” It has been further suggested 
that a hydrogen of mass 3 may exist and that this 
could be called “tritium.” Some workers have sug- 
gested that the symbols for these isotopes of hydrogen 
might be “D” for deuterium and “Pm” for protium. 
No one has as yet suggested a symbol for tritium, 
although apparently by analogy this would be “Tr.” 

The writer objects strongly to the use of such sym- 
bols, believing that they would greatly confuse the 
beginning student and would greatly slow up the 
thinking processes of even the expert. An alternative 
suggestion which has already been used rather exten- 
sively is to employ both subscripts and superscripts, 
the superscript indicating the mass of the isotope, the 
subseript having its usual meaning in chemical sym- 
bols; thus H°0 would indicate water containing only 
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the hydrogen isotope of mass 2, HH?0 would indi- 
cate water one half of the hydrogen of which con- 
tained the isotope of mass 2, the other half having 
mass 1, and H,O standing for water containing only 
the isotope of mass 1. While these designations 
appear to be satisfactory for simple compounds, the 
use of superscripts introduces difficulties when the 
formulae of complex organic molecules are involved, 
particularly so if one desires to write graphie for- 
mulae. There is also an appreciable increase in 
printing cost to be considered. 

I would like to suggest a further alternative. Hy- 
drogen of mass 2 is already extensively referred to as 
“heavy hydrogen.” This could be designated in type- 
setting by a bold-faced letter “H.” Thus, we can 
have H,O, HHO, and H,0O, indicating, respectively, 
water containing only heavy hydrogen, water con- 
taining one-half heavy hydrogen and water containing 
no heavy hydrogen. Similarly, we can write organic 
formulae in exactly the same way that we write them 
at the present time, excepting that all the hydrogens 
or particular hydrogens are printed, using the bold- 
faced type to indicate that these hydrogens have 
mass 2. 

If hydrogen of mass 3 is ever produced in suffi- 
cient quantities to be used in preparing chemical 
compounds of known structure, its presence can be 
indicated by a bold-faced Old English letter “H.” 

Similarly, oxygen of mass 18 can be indicated by 
a bold-faced letter “O” and oxygen of mass 17 (which 
appears to be the rarer of the oxygen isotopes) can 
be indicated by a bold-faced Old English letter “O.” 

Such designation of the hydrogen and oxygen iso- 
topes will make possible the use of graphic formulae 
of organic compounds which differ in no way from 
the present formulae, excepting that particular hydro- 
gens or oxygens will be designated as for a special 
mass, differing from the mass of other hydrogens or 
oxygens which may be united to form similar com- 
pounds, but compounds which have different physical 
(and perhaps chemical) properties. Thus, for ex- 
ample, we may have mono-H-benzene, o. (or m. or p.) 
di-H-benzene, 1.2.3. (or sym.) tri-H-benzene, ete., for 
all the known organic compounds, without introdue- 
ing any ambiguity into the nomenclature. 


Ross AIKEN GORTNER 
UNIVERSITY OF MINNESOTA 


PARA-ORTHO CONVERSION OF 
DEUTERIUM?! 
Usine thermo conductivity method we have suc- 
ceeded in showing the para-ortho conversion of deu- 
terium at 78°, 53°, 20.4° Kelvin changes in readings 


1 Received by cable. 
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relative to normal deuterium being in ratio 3 to 1) to 
30, respectively. This agrees with the Bose-Einstein 
statistics if the nuclear spin of the deutron [deuton] 
is the one which gives excess concentration of 3.3, 11] 
and 31.2 per cent., respectively, of orthodeuterium » 
these temperatures relative to normal deuteriyn, 
Velocity constant of reconversion of orthodeuteriyy 
by oxygen at room temperature is sixteen ting 
smaller than that of parahydrogen, being 0.57 lites 
per mol, per min. 

ADALBERT Farkas 

LADISLAUS Farkas 


Pavuu Harreck 
ScrENCE LABORATORY, 
UNIVERSITY OF CAMBRIDGE 


GOVERNMENT RESEARCH 


In a recent number of ScreNcE (January 26) at 
tention was called to the reduced appropriations to 
the U. S. Department of Agriculture, which have 
necessitated drastic cuts in experiment and scientific 
research, including the dismissal of 567 workers in 
scientific projects. It is rather difficult to understand 
the necessity for so much retrenchment in established 
activities when the government is at the same time 
spending vast sums (stated to be over $200 per sec- 
ond) on its national recovery program. An explana- 
tion attributed to Assistant Secretary Tugwell is given 
in an editorial review in the current number of The 
Reader’s Digest. This statement repeats the basie 
idea of the New Deal, that the purchasing power of 
the farmers and factory workers must be restored, 
for which at least 5 billions of dollars was needed. 
It then adds: “Meantime ordinary government ex- 
pense had to go on and this expense had to be kept 
down and carefully watched. To take care of the 
extraordinary expense there had to be also an extraor- 
dinary budget. . .. A business man may borrow large 
sums to modernize his plant or find new markets.” 

Probably no one will deny the advisability of a 
business man borrowing, under certain conditions, to 


‘modernize his plant or to find new markets, but his 


wisdom might well be questioned if, in making these 
improvements, he allowed his existing efficient ma- 
chinery to deteriorate so that it would have to be re- 
placed, resulting not only in additional cost but also 
in delay in getting into effective production on the 
new scale. Similarly, even though we may be 
sympathy with the government’s recovery program 


and appreciate the need of efficiency and economy in 


ordinary government operations, nevertheless we may 
question whether wisdom is being shown in drasti¢ 
budget reductions which mean actual elimination of 
many lines of investigation and consequent interrup- 
tion of fact-finding activities vital to the efficient 
administration of many government functions. 
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By way of illustration I should like to cite some 
of the work of the Bureau of Biological Survey. Let 
t be granted that all possible economies should be 
made and it is also possible that some reorganization 
or shift of emphasis may be desirable in the Biological 
Survey as elsewhere; but such economics and reor- 
ganization should be undertaken intelligently, with 
due regard to the importance and balance of the 
activities concerned. Unfortunately the evidence, as 
indicated in the reductions of last year and the pres- 
ent proposed budget, gives little indication of such a 
study of the situation having been made. In the 
ease of the Biological Survey, for example, the policy 
appears to have been to continue the regulatory 
functions and to eut out completely the fact-finding 
activities on whieh all sound regulation policies must 
be based. This action would appear to have been 
inspired by the recently promulgated fallacy that 
science has already produced more results than the 
economic system has been able to absorb and there- 
fore science should take a vacation and allow the 
social order to cateh up. 

In the budget now before Congress the appropria- 
tions for investigations on migratory birds, the food 
habits of birds, and diseases and other problems of 
fur-bearing animals, are not merely reduced, they are 
completely eliminated. Let us take the case of the 
migration studies as an example and see what the 
consequences would be. The Migratory Bird Act 
and the broad problems of bird refuges, the use of 
submarginal lands and the like, depend for their intel- 
ligent administration on knowledge of the abundance, 
distribution, migrations and other habits of birds. 
For many years the Biological Survey has been ac- 
cumulating information on these points, but no mat- 
ter how complete such information may be at one time 
it will not answer future needs any more than eco- 
nomic remedies of to-day ean be based on the census 
of 1900. But even more important, by means of 
cooperative banding of birds on a large scale, the 
survey has in recent years built up an agency for 
gaining definite information on the movements and 
life histories of birds which is producing results of 
the greatest seientifie and practical value. Approxi- 
mately 1,900 persons, seattered all over the country, 
are cooperating voluntarily in this work. Since 1920 
at least one and a half million birds have been banded 
and “returns” have been obtained on at least 90,000 
of them. If the voluntary work that has gone into 
the obtaining of these invaluable records had to be 
paid for it would certainly run up into the hundreds 
of thousands of dollars. It should be pointed out 
that the large funetion of the Biological Survey in 
this work is to act as a repository and clearing house 
for the records that are accumulated through the 
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efforts of these hundreds of voluntary collaborators. 
If the directive and coordinating work of the survey 
should stop, not only would it result in a complete 
paralysis of the banding operations, but records of 
inestimable value on birds already banded would be 
lost, and a smoothly functioning machinery would 
be destroyed which would require years to replace. 
Furthermore, the present highly skilled direction and 
supervision would be dissipated and could not be 
reassembled without much delay in time and effort, 
if at all. 

The suecess of bird-banding as a method of gain- 
ing definite information has stimulated many special 


.studies by individuals, by colleges and by state con- 


servation bodies. The Biological Survey has cooper- 
ated by supplying bands and acting as a central 
repository for all records of recovery. Termination 
of this service would place a great handicap on such 
studies since, if each were to issue its own series of 
bands, inefficiency and hopeless confusion would re- 
sult. To continue this particular activity of the sur- 
vey on at least a functional basis would require 
$12,000 to $15,000 annually, while $20,000 to $25,000 
would enable it to do its work effectively and well. 
It may be necessary in these times to reduce the work 
to a minimum effective operating level; but if the 
New Deal produces the results that are hoped for it, 
it is surely consistent with sensible economy to see 
that essential parts of the government’s research pro- 
gram are not allowed to disintegrate. 

What has been said with regard to the bird-banding 
work would apply with equal force to other funda- 
mental research and “clearing-house” activities, not 
only in the Biological Survey but in the Department 
of Agriculture as a whole and in other government 
branches. If, in the zeal to speed recovery, research 
activities fundamental to government administration 
and regulation are in danger of neglect, to the point 
where they are seriously crippled or completely dis- 
organized, it is a matter of grave concern not only to 
persons interested in the welfare of science, but to 
the general public as well. It is greatly to be hoped 
that some system of government budget-making may 
be devised whereby the needs of different activities 
may be evaluated and coordinated on a basis of logie 
and reason, rather than to be left largely to the whims 
of chance or to pressure exerted by specially inter- 
ested or political groups. 

L. J. 

UNIVERSITY OF WISCONSIN 


THE LAW OF MULTIPLE PROPORTIONS 

In the January 5, 1934, issue of Scrence, Professor 
K. A. Vuilleumier points out that the law of multiple 
proportions (as ordinarily stated in text-books) does 
not hold true, even for some standard text-book prob- 
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lems. He suggests the addition of a codicil so that 
the law reads “the ratio of small whole numbers or 
their reciprocals.” This addition is not necessary, but 
it is necessary to omit the word “small” from the 
ordinary statement of the law so that it reads “the 
ratio of whole numbers.” 

This statement of the law takes care of the oxides 
of nitrogen problem discussed by Professor Vuilleu- 
mier. For a fixed weight of oxygen the weights of 
nitrogen in the several oxides are exactly in the ratio 
of 60 :30 : 20:15:12. The same statement also pro- 
vides for cases such as palmitic, stearic and oleic 
acids, where the weights of hydrogen for a fixed 
weight of oxygen are in the proportion of 16:18:17. 
Organic chemistry supplies many such cases. 

ARTHUR Rose 

THE PENNSYLVANIA STATE COLLEGE 


THE UNITED STATES BOTANICAL GARDEN 

GrorGE Hess, director of the United States Botan- 
ical Gardens is retiring (as emeritus?). This is a 
time when all scientists, botanists in particular, should 
address their senators asking that the director of the 
U. S. Botanical Gardens should be a scientist, a bota- 
nist, who will make the gardens a Botanical Garden 
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in fact. At present it exists purely for the propaga. 
tion of plants for friends of congressmen, and {,, 
providing decorations for congressional functions. 

A scientist could cater to such needs and yet ¢p. 
velop a real botanical garden in the national capita) 
Years ago Dr. Liberty Hyde Bailey asked that eitho, 
Congress develop a Botanical Garden of that project, 
or change the name. Nothing was done; it continyes 
to “fill orders from congressmen” without a botanical 
background. 

This administration seems to be doing things (ig. 
ferently—maybe they will follow Bailey’s suggestion 
if it is called to their attention by their scientific ¢op. 
stituents. 

The gardens are under the direction of the Library 
of Congress Committee, consisting of A. W. Barke. 
ley, of Kentucky; K. McKeller, of Tennessee; §, 
Thomas, of Oklahoma; Hattie Caraway, of Arkan- 
sas; P. Norbeck, of South Dakota; S. Fess, of Ohio; 
W. W. Barbour, of New Jersey, and E. Gibson, of 
Vermont. Letters should be sent to the Senator of 
your own state. 

F. A. VArRRELMAN 

AMERICAN UNIVERSITY, 

WASHINGTON, D. C. 


REPORTS 


MEMORANDUM ON THE ALL-UNION INSTI- 
TUTE OF EXPERIMENTAL 
MEDICINE? 


PRELIMINARY conferences on the plans of the All- 
Union Institute of Experimental Medicine have dealt 
entirely with technical matters on construction, ar- 
rangement and equipment. It seems desirable to con- 
clude these conferences with a general statement. 

I preface my remarks by calling attention to my 
own limitations, which are those of one who for many 
years has taken no personal part in laboratory re- 
search, but whose attention has been confined to the 
planning and administration of medical institutions 
and to publie health work. 

Of the general aims of the institute, I can speak 
only with admiration and approval. No individual, 
no foundation and no government has hitherto entered 
the field of experimental medicine with a scheme of 
equal proportions. The history of scientific medicine 
is a record of the efforts of mankind to elicit and to 
explain the facts of life, and to protect itself from 
danger, discomfort and death. In modern times both 
hereditary and environmental influences have been 
intensively studied. In the larger and more advanced 


1 Statement prepared at the suggestion of delegates of 
the U. 8. S. R., at the close of a conference in New York 
City to consider plans for an All-Union Institute of 
Experimental Medicine at Leningrad. 


states, prior to the world-wide depression, capital was 
poured into the construction and equipment of insti- 
tutions dedicated to the study and prevention of dis- 
ease. The volume of this work in the United States 
has been enormous. It has been carried on in many 
laboratories scattered over the entire country. The 
greatest of these establishments has a comparatively 
meager program in comparison with the ambitious, 
comprehensive program of the All-Union Institute 
of Experimental Medicine, which aims at the even- 
tual command of all the natural and social forces 
which affect human life. 

In the United States, coordinated medical research 
programs are found chiefly in a few famous institutes 
and in so-called medical centers, consisting of groups 
of hospitals whose main object is the treatment of 
the sick; in these centers, scientific investigation is 
very largely a by-product, albeit an important one. 
But, as I have already intimated, no single institution 
possesses anything like the resources with which it is 


_ proposed to equip and endow the institute in Lenin- 


grad. 
The basic principle of the Leningrad institute 


might be said to be that of comprehensive, coordi- 
nated, biological study. The outlook of isolated labo- 
ratory workers, especially those whose attention is 
concentrated on highly specialized studies, often 
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suffers from want of contact with critical minds en- 
gaged in related pursuits. The assemblage in one 
institution of hundreds of disciplined thinkers and 
skilled workers promises rich rewards springing from 
a variety of stimulating associations. Such associa- 
tions are mentally challenging and corrective. Apart 
from the theoretical benefits of association, the insti- 
tute will offer the practical advantages of group 
investigations, by means of which different angles of 
the same problem can be simultaneously and stereo- 
scopically illuminated. 

Nobody can foretell just what the outcome of the 
work of the institute will be in volume or in kind. 
The members of a large laboratory staff are never 
uniformly talented or resourceful. In any large 
group of men engaged in a common effort, leadership 
growing out of the superabundance of vitality or the 
superior imagination of individuals will inevitably 
assert itself. It will be particularly fortunate for 
biological science, if those members of the institute 
who possess superior native endowment happen to be 
men or women whose attention is fixed upon problems 
appropriate to the present and future rather than on 
scientific problems of waning interest. As biological 
concepts change, there occurs a corresponding altera- 
tion in the value of the different branches of research. 
Laboratories, once brilliant, have been known to lose 
their productiveness by adhering too long to types 
of investigation which, although originally of great 
significance, have ceased to be important. 

Sometimes the peculiar outlook of divisional chiefs 
has an unlooked-for and desirable effect upon labora- 
tory developments. I have no doubt that at the 
institute at Leningrad, precautions will be taken to 
prevent the blighting influence of a too rigid control 
of the younger workers by leaders, however eminent, 
whose interests are fixed upon untimely or passing 
phases of science. I could point to scientific centers 
in other countries, where there has grown up among 
those occupying ranking positions an unfortunate 
sense of self-satisfaction, an inclination to continue 
in well-worn grooves and a disposition to look with 
suspicion upon resourceful and original thinkers and 
workers, who, for personal, social or political reasons, 
have not commended themselves to those in charge 
as congenial coworkers. Where the choice of workers 
is thus influenced, the effectiveness of a laboratory 
may be seriously impaired. Bureaucratic dangers are 
encountered in every large organization, and it re- 
quires the utmost vigilance to avert them. These 
observations are made, of course, in a general sense, 
and must not be interpreted as in any way reflecting 
on the actual personnel of the institute—a personnel 
Which ineludes men of great eminence, and one which, 
from all accounts, is fully qualified to deal with the 
Problems whieh confront it. 
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In order to prevent scientific organizations from 
congealing, such organizations in the United States, 
England and elsewhere have adopted protective mea- 
sures such as an age limit or service limit. If too 
rigidly applied, rules of this kind, which are intended 
to give youth its fling, may do harm, but if applied 
leniently where leniency is obviously indicated by the 
circumstances, they may accomplish a great deal of 
good. In science more than in any other field, good 
men whose imaginations are continuing to function 
must not be cut off in their prime. 

I note with interest and with warm approval that 
in the plan under consideration provision has been 
made for the assignment of laboratory facilities to 
visiting scientists from foreign countries. Notwith- 
standing the great scope of the institute’s plan, it is 
likely that from time to time ideas will spring up 
outside of Russia, which can be profitably brought 
into the institute and exploited there, hence the pro- 
posal to associate foreign scientists with the regular 
staff of the institute is extremely prudent. No doubt 
additional foreign contacts will be sought by sending 
members of the institute abroad from time to time. 

To survey the entire field of biological science and 
to bring together in one master organization workers 
in all the related sciences is an entirely logical plan, 
a plan of which any country might well be proud, 
and one which is peculiarly appropriate to a social- 
ized state. The actual project is one of such stu- 
pendous scope that it staggers the imagination. And 
yet I have no doubt that it will be viewed with some 
skepticism by a not inconsiderable group of thinkers 
who believe that the greatest scientific advances are 
made, not as the result of large-scale systematically 
planned research but because of the genius of talented 
individuals, who, in spite of obstacles of whatever 
kind, create their own opportunities by sheer per- 
sonal force. Philosophers of this school of thought 
will expect to find arid areas in the spreading labora- 
tories of the institute. In the long run, the value of 
the institute can be justly measured only by the 
aggregate of its positive accomplishments; if these 
are great, a few personal failures can be tolerated. 

In so large a project as the one under contempla- 
tion, it will be difficult to find men of precisely the 
right quality to fit into every niche in the organiza- 
tion. The institute will need men who can work in 
both single and double harness. It is fascinating to 
contemplate a laboratory or group of laboratories 
which, theoretically at least, will afford a suitable 
opportunity for every young scientist in Russia who 
has a real contribution to make. No one knows what 
science and humanity have lost through the failure 
of the civilized countries of the world to provide ade- 
quate opportunities for all their budding geniuses. 
Lack of means has crippled opportunity here, and 
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prejudice or want of sympathetic understanding 
there. The institute at Leningrad will need plenty 
of means, which the government is presumably pre- 
pared to supply, and an open mind toward all who 
can serve its purpose. 

I do not exaggerate when I say that scientists in 
the United States look with admiration and with a 
certain amount of envy upon the All-Union Institute 
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of Experimental Medicine and its magnificent pro- 
gram, and with respect upon a government that js 
ready to give its support in so liberal a measure to 
the search for truth and the promotion of humay 
well-being. 
8. S. Gotpwarz 
DEPARTMENT OF HOSPITALS 
New York, N. Y. 


SOCIETIES AND MEETINGS 


THE WESTERN SOCIETY OF NATURALISTS 


THE sixth annual winter meeting of the Western 
Society of Naturalists was held at Asilomar, Pacific 
Grove, Calif., on December 27, 28 and 29, 1933, with 
Dr. 8. C. Brooks presiding. The meetings included 
three symposia on subjects of special interest and two 
evening meetings as well as a series of submitted 
papers. 

The first symposium, arranged by Dr. C. V. Taylor, 
was entitled “Internal Environments in Amphibian 
Morphogenesis.” It included the following papers: 
“Role of the Organizer in the Axial Development of 
Amphibia,” by J. Frank Daniel, of the University of 
California; “Non-glandular Regulation of Relative 
Growth in Amphibia,” by V. C. Twitty, of Stanford 
University; “Hormone Action in Amphibian Develop- 
ment,” by B. M. Allen, of the University of California 
at Los Angeles; and “Temperature Gradients in 
Amphibian Development,” by F. G. Gilchrist, of 
Pomona. 

“Environmental Effects on Plants” was the title of 
the second symposium. It included the following 
papers: “Environmental Transformation of Bac- 
teria,” by W. H. Manwaring, of Stanford University; 
“Cytogenetic Effects of High Frequency Radiations 
on Plants,” by T. H. Goodspeed, of the University 
of California; “On the Environmental Modifiability 
of Certain Plant Forms,” by W. M. Heusi, of the 
Carnegie Institution of Washington; “Distribution of 
Newfoundland Desmids,”’ by Wm. R. Taylor, of the 
University of Michigan; and “Influence of Environ- 
mental Factors on Smut Infection in Wheat Species,” 
by F. N. Briggs, of the University of California at 
Davis. 

The third symposium, “Growth-promoting Sub- 
stances,” was arranged by Dr. H. M. Evans, of the 
University of California. It included the following 
papers: “Growth Hormones in Plants,” by F. W. 
Went, of the California Institute of Technology; 
“The Preparation aud Chemistry of the Growth Hor- 
mone,” by Dr. Thimann, of the California Institute 
of Technology; “The Growth Hormone of the An- 
terior Lobe of the Hypophysis,” by M. E. Simpson, 
of the University of California; and “Relation of 


Glutathione Concentration to Growth,” by H. Goss, 
of the University of California at Davis. 

Dr. T. Wayland Vaughan presented one paper on 
“Recent Progress in Oceanographic Investigations of 
the Pacific and Present Trends of Marine Biological 
Research” and, in the absence of W. E. Allen and 
W. R. Coe, a second entitled “A Study of Fouling 
Organisms.” Dr. A. E. Hopkins presented certain 
experimental observations on spawning and setting in 
the Olympia oyster. The morphological changes of 
sexual maturity in the salmon, the Alaska herring 
populations and mortality of the herring were dis- 
cussed by Drs. F. A. Davidson, G. A. Rounsefell and 
E. H. Dahlgren, respectively, all of the U. S. Bureau 
of Fisheries, Seattle. | 

Certain phases of the life history, morphology and 
physiology of some species of protozoa were discussed 
in a series of papers presented by Drs. H. W. Gra- 
ham, G. H. Ball, A. G. R. Strickland and M. G. 
Brown, respectively. Dr. Wm. A. Hilton discussed 
the ratio of nervous tissues to body tissues in a variety 
of forms. The evidence for the development of liga- 
ments from muscles in the pocket gopher was pre- 
sented by Mr. J. E. Hill. The antagonistic action of 
methylene blue to the action of certain respiratory 
poisons, as determined from experiments on marine 
eggs, was discussed by Dr. M. M. Brooks. A report 
on the determination of the non-solvent volume of 
marine eggs was given by Dr. J. L. Leitch. Dr. A. ¢. 
Giesé reported on some experimental studies on the 
factors inducing conjugation in Paramecium. The 
relation of the redox potential of cell suspensions 
cytochrome was discussed by Dr. J. P. Baumberger. 
Dr. L. R. Blinks presented some bioelectrie measure 
ments made on plant cells. 

Besides the above papers the following were read 
by title only: “The Spawning Behavior of the Little 
Redfish, Oncorhynchus nerka, with Notes on Related 
Species of Salmon,” by L. P. Schultz; “Growth 
Curves of Protozoan Population in Sterile Medium,’ 
by Austin Phelps; and “Experimental Studies 


Motivation of Sex Behavior in Rats,” by C. P. Stone. 
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were shown at one evening meeting. The society was 
‘ndebted to Professor Robert Chambers and Professor 
p, Newton Harvey for the use of these films. After 
the society dinner, Dean Charles B. Lipman, of the 
University of California, delivered the principal ad- 
aress of the meeting, “The Tolerance of Extreme 


Temperatures by Plants.” 
James L. Leitcu 


THE HISTORY OF SCIENCE MOVEMENT IN 
WASHINGTON, D. C. 

Wuen the History of Science Society meets in 
Washington, D. C., during the coming Christmas 
season of 1934 to celebrate its tenth anniversary, it 
= ll also celebrate the first anniversary of what may 
be termed its first offspring, the Washington-Balti- 
more Section of the History of Science Society. The 
parent society was organized in Boston, Mass., on 
January 12, 1924, and it is an interesting coincidence 
that on January 10, 1934, nearly ten years to a day 
later, the first local section came into being. On that 
day a small group of members of the History of 
Science Society met at the Cosmos Club in Washing- 
ton to diseuss the advisability of meeting informally 
to foster our common interest, stimulate activity in 
the movement and study of the history of science 
and to entertain distinguished scholars and students 
of our subject who may from time to time visit our 
city. 

Present at this meeting were Dr. C. A. Browne, 
chief of the U. S. Bureau of Chemistry and Soils; 
F, E. Brasch, seeretary-treasurer of the History of 
Science Society; Dr. J. F. Couch, Bureau of Animal 
Industry; Dr. C. L. Shear, Bureau of Plant Industry; 
Watson Davis, director of Science Service; Dr. S. F. 
Bemis, department of history, George Washington 
University; O. A. Morgner, bibliophile; R. LeGear 
and M. C. Leikind, of the Library of Congress. 

An informal organization was agreed upon and 
s Dr. J. F. Couch and M. C. Leikind were elected 
chairman and seeretary, respectively. In view of the 
fact that about forty members of the History of 
Science Society are distributed between Washington 
and Baltimore it was decided to call this section the 
| Washington-Baltimore Section. The first regular 
meeting took the form of a dinner in honor of George 
Sarton, research associate of the Carnegie Institution 
fof Washington and editor of Isis. Thirty-eight mem- 
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bers, including a delegation from Baltimore, were in 
attendance at this most successful meeting, which was 
held in the Cosmos Club on the evening of January 
27. 

The list of guests and speakers included, besides 
Dr. Sarton, Dr. John C. Merriam, president of the 
Carnegie Institution of Washington; Sir Henry Well- 
come, of London, England, founder of the Wellcome 
Museums in the History of Science and Medicine; 
Professor Henry E. Sigerist, director of the Institute 
of the History of Medicine of the Johns Hopkins 
University; Dean Dorothy Stimson, of Goucher Col- 
lege; Dr. Fielding H. Garrison, librarian of the Welch 
Medical Library, and Dr. C. A. Browne, chief of the 
U. S. Bureau of Chemistry and Soils. 

The response and interest shown at this first meet- 
ing was so enthusiastic that we hope our example 
may serve as a stimulus for the formation of similar 
groups in other cities. It is by the organization of 
local chapters which will meet at frequent intervals 
during the year that the real influence of the History 
of Science Society will begin to assert itself. 

The growth of the History of Science movement 
is indicative of the fact that history is no longer the 
exclusive domain of the social scientists and philoso- 
phers. The importance of the history of science as 
one of the foundation pillars in the history of civili- 
zation and culture is being given increasing recogni- 
tion not only by individual scientists and scholars but 
by the curriculum making bodies of colleges and 
universities. 

At a time when extreme specialization seems to be 
destroying the cultural and humanitarian aspects of 
science, the field of the history of science provides the 
one meeting ground where students of special sciences 
may meet and talk a common tongue. For, to quote 
Dr. Sarton, “The history of science is the history of 
mankind’s unity, of its sublime purpose, of its gradual 
redemption.” 

We of the Washington-Baltimore Section hope that 
when the History of Science Society meets in Wash- 
ington at the end of the year we shall be only one of 
a large number of local sections. 

Morris C. LEIKIND, 
Secretary, Washington-Baltimore Section, 
History of Science Society 
LIBRARY OF CONGRESS 
WASHINGTON, D. C. 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


. A RAPID METHOD FOR THE PREPARATION ripening may be reduced from sixty days to three 


OF DELAFIELD’S HAEMATOXYLIN 
| Tue usual procedure in preparing Delafield’s 
Haematoxylin requires a long ripening period. This 


hours by use of the method described in this paper. 
Delafield’s Haematoxylin was prepared in the usual 
manner: 
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Haematoxylin crystals 4 gms. 
Alcohol 95 per cent. 25 ee 
Sat. sol. of ammonia alum .................. 400 ce 


This solution was placed in an open dish, at a dis- 
tance of 15 ems from a Cooper-Hewitt burner, oper- 
ating at 140 volts and 3.3 amperes, for one hour. 
The solution was then filtered and to the filtrate was 
added: 


Glycerine ....... 


This solution was placed under the Cooper-Hewitt 
burner at the same distance for two hours. The solu- 
tion was then filtered and used for staining purposes. 

No appreciable difference was noticed between the 
staining quality of the Haematoxylin prepared in this 
manner and that left for sixty days to ripen. 


H. W. NEILp 
UNIVERSITY OF ILLINOIS 


SOAP AS A MOSQUITO LARVICIDE 


DuRING some experiments with mosquito larvicides 
the writer has observed that the addition of soap has 
brought about a much larger increase in toxicity to 
mosquito larvae than that which could be ascribed to 
improved penetration. This suggested that soap may 
possess direct toxicity to mosquito larvae. To verify 
this point tests were carried out with a liquid soap, 
consisting of a mixture of potassium oleate and cocoa- 
nut oil soap containing about 40 per cent. actual soap. 

For this purpose larvae and pupae, taken from a 
partially polluted ditch breeding primarily C. pipiens, 
were transferred to large porcelain dishes containing 
about 500 ce of a mixture of tap water and ditch 
water. Various concentrations of soap were then 
mixed in. After 24 hours the number of dead and 
living insects were counted. 


SPECIAL ARTICLES 


DEUTERIUM OXIDE AND ASPERGILLUS 


RECENT investigations seem to indicate that deu- 
terium oxide in high concentrations exerts a toxic or 
inhibitory effect on living organisms, both plant and 
animal. However, as a result of his work with 
Spirogyra sp., it was suggested by Barnes! that very 
unusual and interesting effects might be noted when 
the deuterium was used in less concentrated solutions. 


1T. C. Barnes, ‘‘A Possible Physiological Effect of 
the Heavy Isotope of H in Water,’’ Jour. Am. Chem. Soc., 
55: 4332-4333, 1933; ‘‘ Further Observations on the 
Physiological Effect of the Heavy Hydrogen Isotope on 
Spirogyra,’’? Am. Jour. Bot., 20: 681-682, 1933. 
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The results, given in the accompanying {)) 
clearly show that concentrations of 0.2 per cent, s, 
or higher gave 100 per cent. kill of larvae and pups 

The value of soap as a larvicide can perhaps 
utilized in treating clear standing water, fire barr 
ete., where application of oil or larvicides contain, 
toxic or inflammable chemicals are objectionable. 
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by Richards,? whose observations on the growth in t 
Saccharomyces cerevisiae indicate that, in dilute con Stee 
centrations, deuterium may have a decided effect solution 
accelerating growth and development as opposed ig heavy 1 
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MM it that any very remarkable effects would be forth- 
ming from the use of dilute solutions. 

in this connection, the writer felt that it might be 
resting to determine the effect of a dilute solution 
: deuterium oxide upon the growth of a fungus, 
wergilus sp. This organism has been found to be 
ordinarily sensitive to differences in the culture 
dium (Mann*) and so might be expected to reflect 
its growth and fruiting any changes brought about 
: the presence of the isotope of hydrogen. 

4 sample of deuterium oxide containing one part 
witerium to 213 parts protium, approximately a .47 
secular per cent. solution, was obtained from the 
Chemical and Manufacturing Company at Cleve- 
snd. This water was distilled in order to remove any 
npurities present. After distillation, the relative 
fensity of the heavy water referred to ordinary water, 
bth at 20° C., was 1.0019. 

The nutrient solution used in these experiments was 
feffer’s three-salt solution, with sucrose as the source 
{carbon. Two groups of nutrient solutions were 
repared, one with double-distilled H*H'O; the other 
With distilled H?H?O. The nutrient medium was 
placed in 150 ce Erlenmeyer flasks, 50 ee to the flask. 

he solutions were sterilized by streaming steam for 
p period of twenty minutes on each of three successive 
lays. Inoculations were made from a pure, bacteria- 
free culture of Aspergillus sp. on bread by means of 
2 platinum loop. The fungus was grown in an incu- 
bator for five days at a temperature of 37°.C. The 
mycelial felts were then removed from the flasks, 
laced on weighed filter paper and dried for three 
lays at 65° C. The filter paper used had been pre- 
iously dried at the same temperature and placed in 
a desiccator. At the end ofthe three-day period, the 
felts were removed from the drying oven, placed in a 
lesiceator and then weighed. From the total weight 
of the felt and the filter paper was subtracted the 
weight of the filter paper alone. Thus it was possible 
'o determine and compare the weights of the felts 
grown in the deuterium oxide medium with those 
grown in that of protium oxide. 

The fungus grown in the H1H*0 Pfeffer’s medium 
was in the form of a flat and evenly fruited felt. The 
average weight of the felts from four flasks of this 
solution was .0481 grams. The felts grown in the 
heavy water medium exhibited every indication of 
stimulation. They were markedly convoluted and 
‘ratered below, resembling a brain-coral; the fruiting 
as greatly diminished, and the distribution of spores 
on the surface of the felts was irregular and occurred 
in localized regions. When the dry weights of these 
heavy water felts were taken, it was found that the 


*M. L. Mann, ‘‘Caleium and Magnesium Requirements 


sPergillus niger,’’ Bull. Torrey Club, 59: 443-490, 
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average weight from the four flasks was .7719 (see 
Table I), or approximately sixteen times that of the 
felts grown in the ordinary distilled water medium. 


TABLE I* 
Weight Weight of Weight 

Series of filter filter paper of 

paper and felt felt 
eee 1.3544 gr. 1.3963 gr. .0419 gr. 
1.3490 gr. 1.3994 gr. 0504 gr. 
Bikinis 1.3511 gr. 1.3983 gr. .0472 gr. 
a ae 1.3593 gr. 1.4123 gr. .0530 gr. 

Average weight of felt =.0481 grams. 

2h. 1.3592 gr. 2.1400 gr. .7808 gr. 
SORE 1.3722 gr. 2.1940 gr. .8218 gr. 
1.3681 gr. 2.0724 gr. .7043 gr. 
Dc 1.3442 gr. 2.1250 gr. .7808 gr. 


Average weight of felt =.7719 grams. 


*Series 1—Pfeffer ’s Three-Salt Solution + Distilled H’H’O. 
Series 2—Pfeffer’s Three-Salt Solution + Distilled H*H’O. 


The writer, therefore, is of the same opinion as 
Barnes and Richards, that deuterium, when used in 
dilute concentrations, may have a decided effect in 
stimulating vegetative growth and development. Fur- 
ther experiments in this connection are planned and 
a more detailed consideration of the methods used and 
the results obtained will be published later. 


SAMUEL L. MEYER 
VANDERBILT UNIVERSITY 


THE EFFECT OF FERRIC CHLORIDE 
INJECTIONS IN EXPERIMENTAL 
TUBERCULOSIS! 


SEVERAL years ago the writer showed that repeated 
intravenous injections of a 0.25 per cent. ferric 
chloride solution were followed by an accumulation 
of iron in caseous areas of the lungs of tuberculous 
rabbits.2>* Concomitantly with this accumulation of 
iron, the life span of infected animals was found con- 
siderably increased over that of control tuberculous 
rabbits that had received no injections of the ferric 
salt solution. This was found to be the case in two 
entirely independent series of experiments comprising 
36 rabbits.4> Furthermore by comparing tubercu- 
lous lesions of both experimental and control animals 
sacrificed at various intervals of time, it was shown 
that following the intravenous injections of ferric 


1 From the Department of Pathology, Harvard Medical 
School, Boston, Mass. Aided by a grant from the 
DeLamar Mobile Research Fund. 

2 V. Menkin, Proc. Soc. Exp. Biol. and Med., 27: 1020, 
1930. 

3 'V. Menkin and M. F. Menkin, Jour. Exp. Med., 53: 
919, 1931. 

4V. Menkin, Jour. Exp. Med., 55: 101, 1932. 

5V. Menkin, Am. Jour. Med. Sci., 185: 40, 1933. 
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chloride, the progress of the lesions was retarded in 
their extent.6 The conclusion drawn was that ferrie 
chloride protracted the course of bovine tuberculosis 
in the rabbit. Subsequent studies revealed the fact 
that subeutaneous inoculation of tubercle baeilli fol- 
lowed by an immediate course of intravenous injec- 
PS dilute ferric chloride solution retarded the 

issemination of the organisms, as evidenced by the 
degree of tuberculous involvement in the various 
organs.® 

These studies have been continued and form the 
subject of this brief communication. A more detailed 
account of the following observations will appear in 
a subsequent report. Ten rabbits were each inocu- 
lated intravenously on November 8, 1932, with 0.005 
mgm of a relatively avirulent strain of bovine 
tubercle bacilli (Strain Cernay, obtained through the 
kindness of Dr. A. Boquet from the Pasteur Insti- 
tute). On Deeember 22, 1932, each one of these 10 
rabbits was inoculated subcutaneously in the thigh 
with 0.05 mgm of a virulent bovine Ravenel strain 
of tubercle bacilli. Repeated intravenous injections 
with 0.25 per cent. ferric chloride solution were im- 
mediately started in 5 of the rabbits; the remaining 
tuberculous animals were kept as controls. The fer- 
rie chloride injections were carried on for about 15 
weeks and then discontinued. The first control rabbit 
died 47 days after reinfection with tubercle bacilli. 
On May 1, 1933, 130 days after reinoculation with 
the bacilli, the last of the controls was found dead. 
Practically all these 5 control animals displayed at 
autopsy wide-spread confluent tuberculous lesions, 
affecting primarily the lungs, with discrete tubercles 
in the kidneys, and with prominent tuberculous ab- 
scesses at the site of subeutaneous reinoculation. The 
average survival time of the control group was 81.4 
days. 

The first experimental rabbit died 81 days after 
reinoculation; the second died on the 110th day; and 
the third one suecumbed 131 days after reinfection 
with tuberele bacilli. Two of these three animals had 
an upper respiratory infection at the time of death. 
All three rabbits revealed discrete caseous tubercles 
in the lungs, with hardly any confluence of lesions. 
The two remaining animals continued to increase in 
weight for over 6 months after the death of the last 
control. On November 21, 1933, 334 days after rein- 
oculation with tubercle bacilli, these two rabbits were 
killed, and Professor 8. B. Wolbach very kindly per- 
formed the post-mortem examinations. One of these 
two animals showed absolutely no sign of any lesion 
in the thigh. This fact, though somewhat surpris- 
ing, is not wholly incomprehensible when it is re- 
ealled that Lurie recently failed to find in some 


6 V. Menkin, Proc. Soc. Exp. Biol. and Med., 30: 951, 
1933. 


SCIENCE 


VoL. 79, No, 2044 


rabbits any trace of local lesions about one year 
following subeutaneous inoculation with human 
tubercle bacilli, whereas in other animals he foyp, 
large well-walled-off tubereulous abscesses.’ Near 
the base of the lungs two large tuberculous foc} Were 
found, one of which formed a pus pocket in which 
tubercle bacilli swarmed in abundance. These lesions 
were well walled-off by connective tissue proliferation, 
The other rabbit, which had just begun to show sligh; 
loss in weight at the time that it was killed (334 days 
after reinoculation with tubercle bacilli), revealed 9 
autopsy somewhat more tuberculous involvement, |) 
the thigh at the original site of subcutaneous inocy)s. 
tion there was found a prominent well-encapsulatej 
tuberculous abscess containing a thick viscous creamy 
purulent exudate, in which were found numeroy 
tubercle bacilli. Throughout the lungs were scattered 
a number of discrete tuberculous foci with no cop. 
fluence of lesions. On microscopic examination the 
areas of caseation in these tubercles were found to be 
relatively small in comparison with the peripheral 
cellular infiltration. The extent of tuberculosis was 
considerably less than in the controls, the last of 
which had died more than 200 days previously. The 
spleen of this experimental animal revealed a single 
large caseous focus. . The left kidney showed consider- 
able caseous involvement of the cortex and medulla 
with the process extending to the pelvis and the 
proximal portion of the left ureter. A few discrete 
tubercles were found in the intestinal tract primarily 
in the region of the cecum. 

The average survival time of the experimental 
group is unknown, since two of the animals were 
finally sacrificed. However prior to the autopsy of 
the two experimental survivors the average life span 
of this group of rabbits was 198 days, as compared 
with 81.4 days in the control series. These observa- 
tions are not only in complete agreement with the 
findings obtained in the previous and independent 
series of experiments,* ° * but they reveal even more 
pronounced effects upon the course of tuberculosis 12 
rabbits repeatedly treated with ferric chloride. In 
none of the previous experiments were there &uy 
tuberculous animals which survived in apparent good 
health, with consistent gain in weight for a period of 
over 6 months after the death of the last of the con- 
trols. It remains to be seen whether this sharper 
retardation in the development of tuberculosis 
entirely due to the ferrie chloride injections 
whether it may be due in part to the combined effects 
of a superimposed initial vaceination. Studies 20W 
under way in a series of non-reinfected tuberculous 
rabbits seem to show that primary infection with 
avirulent strain of bacilli probably plays only 4 rela- 


7M. B. Lurie, Jour. Exp. Med., 58: 305, 1933. 
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tively minor role in delaying the progress of the dis- 
ase induced by reinfection with a virulent strain. 
The more striking results in regard to longevity and 
progress of tuberculosis obtained in the present series 
of experiments as compared to previous series are 
perhaps referable to various other factors, including 
route of virulent tubercle bacillus inoculation, i.e., 
subeutaneous instead of intravenous, interval of time 
between inoculation and onset of intravenous ferric 
chloride injections, and finally, dose and virulence of 
bacilli employed. Experiments are now in progress 
in an attempt to answer these various questiorts. 
They will form the subject of a future communication. 


Vaty MENKIN 


FROGS AND OPALINIDAE 


ConcomiTANT studies of the taxonomy and geo- 
graphical distribution of the Anura and their intes- 
tinal commensals, the Opalinidae, give indications of 
places and geologie times of origin and of the routes 
and times of spreading of all but one of the families 
of Anura, of some subfamilies and of several genera: 
and at the same time tell of the times and places of 
origin and of the routes and times of spreading of the 
Opalinidae, about 130 species of these Protozoa being 
included in the survey. A study of these problems 
has been in the hands of the editor for the United 
States National Museum since May, 1932, waiting 
only for the restoration of customary appropriation 
for printing. Such detailed study of origin and dis- 
tribution has not been given before for any groups 
of animals. The data used are interwoven in intricate 
ways and are difficult to diseuss without full descrip- 
tion, but beeause of the unavoidable delay in publica- 
tion it seems advisable to attempt the presentation of 
enough to show the kinds of data used, the methods 
of using them to bring out their significance and to 
illustrate the extent of the conclusions reached. 

The data are: Present geographical distribution of 
the species and groups of Anura and of the species 
and groups. of Opalinidae; the host distribution of 
Opalinidae; the taxonomic relationships of the groups 
of Anura; the interrelationships in detail of the 
Opalinidae, which show from their anatomy and their 
life-histories the eourse of their evolution in great 
detail; the agreement of present-day distribution of 
hosts and parasites with ideas of former interconti- 
nental land connections and also seas, as commonly 
postulated by students of paleocartography. 

It is of interest that the almost complete absence 
of paleontologie reeord of the Anura does not prove 
an insuperable bar to such evolutionary and paleodis- 
‘ributional studies. Evidence from the other sources 
mentioned proves adequate for profitable study and 
Indicative of far-reaching conclusions. 
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The chief paleocartographical data used in these 
studies are: A Triassic continent, Gondwanaland plus 
South America (though the connection between Africa 
and South America may have been by way of Ant- 
arctica); a separation of Australasia from Malaysia, 
persisting since early Cretaceous times; Tertiary flue- 
tuations in the Malaysian island connections, both 
with one another and with extra-Malaysian lands, 
which may have given brief connection between Papua 
and the southeastern Malaysian islands; a Cretaceous 
arm of the sea connecting the western Gulf of Mexico 
with the Arctic Ocean; a Cretaceous land strip from 
eastern Asia, running south of Alaska and down 
parallel to the western American coast and extending 
certainly to Central America and probably for a time 
to Eeuador or even to Chile (Tertiary connection of 
this strip was established with North America proper 
by the obliteration of the Gulf of Mexico-Arctic 
Ocean strait, and at the same time the southern por- 
tion of the land strip disintegrated); a Cretaceous 
or early connection of central or northern South 
America with Papuasia and Australia through the 
central Pacific islands; a bar to migration between 
southern Brazil and Patagonia, probably an arm of 
the sea or a strait, present in Cretaceous times or a 
little later and disappearing during the Tertiary, 
probably about the middle Miocene; an extended 
Antaretica, uniting Australia, New Zealand, Pata- 
gonia, sub-Antarctic islands in both Eastern and 
Western Hemispheres, and possibly Africa, the South 
American connection disappearing before the trans- 
Argentine sea was obliterated—Greater Antarctica 
was probably Cretaceous and persisted during the 
early Tertiary; an Indian Ocean continent, Lemuria, 
uniting Africa, Madagascar, Ceylon, southernmost 
India, the islands southwest of continental Malaysia 
and probably some of the southwestern Malay Archi- 
pelago islands (Lemuria existed in the Triassic, broke 
off from Africa during the Jurassic, and broke into 
separate islands before the end of the Tertiary). The 
data, diseussed in the National Museum paper men- 
tioned, agree with these paleocartographiec concep- 
tions, except for a single indication, namely, that 
there was a brief Tertiary connection between eastern 
Lemuria and continental Malaysia. 

Let us note illustration of the handling of data in 
these studies. The Bell-toads evolved before the Cre- 
taceous, since their spreading was not prevented by 
the Cretaceous separation of Australasia from Asia, 
they being present to-day in both Euro-Asia and New 
Zealand. They spread: North and west to Europe, 
where they are now represented; north and east to 
northern China (they are now present near the base 
of the Korean peninsula) ; south and east across Aus- 
tralia, where they left some of their characteristic 
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Protoopalinae of subgeneric group II, and on to New 
Zealand, this migration from Asia to New Zealand 
being as early as the early Cretaceous period or 
earlier, for the route was interrupted later than this. 
They passed from northeastern China on north and 
east by way of the land strip connecting Asia with 
the Western Hemisphere, during the Cretaceous 
period when this route was in existence. By the 
Tertiary time, when the land strip fused with conti- 
nental North America, they had deteriorated in vigor 
and did not spread beyond western portions of Wash- 
ington, Oregon and California, which were parts of 
the land strip. One Bell-toad is still found near the 
eastern Himalayas, the ‘probable place of origin of 
the family. Two very decadent representatives of 
this decadent family are found at the extreme north- 
eastern and southeastern limits of the range of the 
family: Ascaphus, a retiring form, confined to west- 
ern Californian and Washington mountains, where it 
lives near the edge of glaciers, and Liopelma, in simi- 
lar habitat in New Zealand. Though Liopelma has 
now lost its larval stage, its eggs hatching under 
stones in young adult form, and so, of course, showing 
no Opalinids, which can infect only aquatic tadpoles, 
the ancestors of Liopelma, then in less degenerate 
condition when they were crossing Australia, had 
aquatie tadpoles and characteristic Bell-toad Proto- 
opalinae of subgeneric group II, through which they 
infected Australian frogs of other families, as found 
to-day. The places and times of origin and the routes 
and times of spreading to Australia of these secon- 
dary hosts are indicated in the fuller paper. 

Another example of the use of data: Cepedea devel- 
oped from Protoopalinae of subgeneric group VIII, 
which show transition to the multinucleate condition 
of Cepedea. They developed in Asia-Malaysia (where 
these Protoopalinae are alone found) in Rana, and 
spread to eastern Lemuria in the early Tertiary, both 
Rana and Cepedea being abundant in Madagascar, 
the Seychelles and Ceylon. Rana did not earry 
Cepedea via the Pacific land strip to North and South 
America. They evolved too late, after this route was 
lost. Rana did eross from Siberia to Alaska with 
Cepedea during the Tertiary, and both hosts and 
parasites have become abundant in North America, 
evolving many species. Rana and not Bufo was the 
early host in which Cepedea evolved and passed to 
Lemuria, as is indicated by the complete absence of 
Bufo from Lemurian lands to-day. 

Opalina, a flattened, multinucleate genus, did not 
evolve from Zelleriella, a flat, binucleated genus, as 
it seems it might well have done by merely acquiring 
multinucleation. This is indicated by the fact that 
Zelleriella and Opalina do not occur and never have 
occurred in the same locality. Opalina arose from 
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Cepedea by flattening; where and when involves egy). 
plicated reasoning. 

Similar indications as to times and places of origin 
and spreading of every family (except the Gastro. 
phrynidae), of many subfamilies and genera and of 
a goodly number of species of Anura, and of every 
genus and numerous species and groups of species of 
Opalinids, can be found in the available data, in Spite 
of such lack of fossils as would at first thought make 
these groups seem especially unfavorable for study, 

The agreement of the conclusions as to the frogs 
and Opalinids with the generally postulated hypoth. 
eses of paleocartography is a striking evidence of the 
probable correctness of these hypotheses. An excep- 
tion is in the presence of Rana and Cepedea in 
Lemurian lands, which has necessitated uniting east. 
ern Lemuria and Asia-Malaysia, perhaps briefly, in 
the Tertiary. 

The data used are varied, abundant and for the 
most part unquestioned, except the paleocartography. 
But with groups of parasites in which the course of 
their evolution is less assuredly indicated than it js 
with the Opalinidae a great aid to this type of study 
would be wanting. With the frogs and Opalinids it 
is like putting together a dissected picture puzzle of 
very many pieces. But when the pieces (data) finally 
fall into place, they make a consistent and convincing 
picture. 

As this little paper is designed to emphasize the 
value and workability of the method of study, per- 
haps enough has been said without listing more of 
the many conclusions and indications found. That 
must be left for the fuller paper. 

Maynarp M, Mercatr 

WABAN, MASS. 
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